“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1988-09 


Analytical evaluation of UNREP methods using 
the model BFORM 


Barnaby, Steven L. 


http://ndl.handle.net/10945/22904 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
i (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

| | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





es le Mt” (le biel edy ~ae tiginn + bd 





























































































































































































































































be ri a rl a a tet a Alay fel Se ta Pit real lil attest a altace cig ectiaaaa lit paca ati ct Naa ha ilies Tin vl cpt on sale nin. Wirt tit 
i e. Oey oT ee Oe) ee ee er ee ey ee el ee Ot ee ee ee ee ee TT eee 
Orin © 8 ee ee ee eT PO Ty Pe Pee TY or ey Sree? 1th 8 YOY Mey a et Py ol eden ths tet -1 te aaenseetnneda tae 1a A ee Le 
Pon . ya Py oe tee ahs Teer nO ry ON égersiashgetayins 5 aie, 78 eae hommaaes L ccna tah dente edie iene allie tes 
do ae ° stdin Ce ed marie Th} ai. eee ee > pe rope 9 re SA ar ara Foy yap dpb gy marlon a mepntp Feo wear earepiaw a ekg ay eye pmhapamapns 
i . uw Comin ty} OE Oe a oie) Cw ee eye are tt oF {EA Rite. © B34 Anse 01 Bea PBA, 2 ray ® Ae tery ee 
u hee! E a wa 3 tee ee Oe ee eee ee ee a Na ws wy rdueet anes 
. Ul er Leon ee A 7. ioe -Aberiady tu Phy ee ete a) ae oe udidapaatiead-apaan ands ap Oe Px pokes ae padtsigid te eS aa 
. ua ‘ i le  inelee “Fee re Breer eee 2. ee ere oe 2d ee re Tye tis rt) 
De bs) D - (hf ; cre rt Ce et a on 542 te eal ae Ets toe fe) OR PTT s | eee os al eh ee eat hn ae SS eee 
5 o Ua i 6 Seiad Ae Ao? y tr Yer eA?) 8 1 Pe ey Ce oak tia] oatere tt neh A! Oe on eed ed Sey ape anet kata dtntan oder le ouph tol tn lees eas 
"i ory Cer] : r ae) J a Cy ot err ely: Od ee ee 2 ee we ee er $Y pare ty epee rir vrpealhr ramble tre ~_ 
. pa ea 7 ra et a f Se Mea. ee ae ee eae | en TP ion) ee Se eon ec ene en eee ee ee Tre ek easticle te settee te edetndetee Eee ne rem : 
i u ea , Le ce eee eee tm att Pee © vee iw we eer ee TPN vO ee ad ae ew Pet ee oe ee Sale thd ee eet ee Lt ee ee De ee eee Oe 
cea] p i a Ce ee es ee TL ee kL eae Py Te ee ye i) ey, be) * Wi Rietats Oe Ce Oe ee eee ee ye ee par tempanet 
Seti) [a ol oJ fe we f Mie inal hoe leg ee eee Pe ee ee ee ee ee ee eee , 
o t | , or 4 7] en) 1, 0 24 0 18 Adee OO de ae Pee) St ea ee oe ee ie Lo el oe ey ae ili alee Tie Ti lhant tog hen tol tein degeeemagr aan ee eee Eee 
' D f ‘ u et i« c a : Ci eee ee ee ae ee ee ro ee ee eh anton Lala eta Ee) bn a ae I Inte 
qr ‘ i. ei ba Ce me foe ee PU a ee ee ee Pe ee ae ee Le Sens ean % = yeeros. 
i LD ie Ama ee ie L ’ sunt Auta Te Sen ers, ie emer oe Oe Oe we) ee 7 Fal nt at he wt eK Lak es he Tet ded ie eral eee ee ee a 
B A » a ad ae ew ay NN nee een eee eee ee re we TT eB Aa Lata ta erat camel Maen, Lie ledielinarteentteceemtn be ected ee wie OT TE 
u ' a op ® ra; UT nt ito et) re et oy Vous Way sem cen a a. 7y) E+ Weare brsy wlew beret rn Wr eis Wey Oy yarn Ree eet ee ee 
4 es ee o Of otg 8 “Q* = it 4 an TL a ee eer te eer ene emia ee wee te ee oo eee a’ PrP een te tes dh belt dake ee ee 
a od | ab et Ayr Serr es ere eet yyy) ee yet ee ee rt Ve Pe ee ee err ee ey CE iii ee nn eee 
G | o Le band o Fs er ee et Core eee aoe Oe ee ee ed oe ee ee eee tee ee 
Der e D F . o wi ee Pa) ee nt ra Pe eee ee a Slee s 0; ty Devas AF# able heheh se ei leek eee ok ee 
18 an . e ohetettf ee ee eS Seer bee err ees ee, Me err ev Pe oe oe ee re ey Saale dh eee ee ee ee ee ee ee 
iu p ce Le oe ee et ek) ee ee Slade ekventts putts talented Radin istentstn Msthietuslanericeapagtiaie to cdann let kok 
‘1 8 Co D Oe Swarm yer Todt ie Sa) te he ee ee ee) Loretta Dis se ute Mabe dee eka tn ee en ey Pere 
es ° : D bh hat ate te et tk ae TS De TT Ot SN heh ae Lal Lal hol ha eh cs te heh ha lamsiles uaa eee alah baled a eek Lat nel ee eT a a 
am 8 F Pe Fy MC Ree ee et ea ee a Nie Melee cared rad eee ee eee tee ch ee en TT i aay aa 
ns bY ’ t ti ee Ihe F914 Am tee. AP Bs he A, BBs Hahn pia te hee ee) ell Se cde adhe ele Deel ee oY te ed OT eet et 
id oe of : nar | Sal aS Bhat Bm Lal amet rail ee ee ee ee ee prey te ieee lien siete oh a Yee ee ee eee 
= 5 sd ca eo Ps i ener ew Tie) CT ee de ee ee) tt ae ee ee ee ee ey if rer Oren rumis 
. ' i D ee oT ae tel a ee ee Se a : S speetenalite Sedeediean hh doe = 
D Ph ea SN ene eT tte ll snk wasabi ddan ke cadet bod Senet ela ste yd ll ety yams heuer tedaiatteMeeinadtie adhe, titties. 
uJ ' y he en. Pty ee Petey et he te ee et ee ee oe Le! Ce ade ri pe tep-ty 
x J % & aL a ie er ee el ee Padi dh. Van Deh “Mens mM ehes, Sin i a 
° eur et as 0 or | Nenana eee ee eee ee ee oe ee ee ee me a ee er a ae 
a . U b D Te it ee ee POS Te te Oe Ye Oe OL Se ee te Ciel ne id il Peete 
are® “ - a dad Pe Oe ee een ee Oe et ein? Nei hie Meee ah td ed rt ed ae a a ore 
ec] ° hd bie Be ee a et re ee het eee Te IE ee ee Sean dieannesntagtiacheathelai tie Aad, den un toute iedlas Dhol Tele ae a 
iD aie a . ea, Di ee eee eee ne eee ene ee eee el len Serer yap erN.,  -pabe oe ayer aemapon iia 
es os 7 : , " SN eee ae a ee eee ae ent teen Pe ee ee Eee 
a a - 7” oa le oh @nedle & PPT le ee dee leds Le eat eee tae dt ayy nt wiamty oy shiiyeap Nays eam aPapmeg eee 
‘ o Oi ae. i ee eon Ee Prete ey ee me a betaine ito nd tune Leinart dl hee hola tig-deataneteeGamalanmeteiiipamnen dite 
D . e nl rie | oor) en PPP er eee ree et ee Be pad er eae tet a ee ee ee ee Pee a OTC oy ety Seip srt iS 
a . U Ls Fre 290'E © eeeta 48 ea he er ee ee fs ee ee Re eek al | seed hein nla deerte setae neti dheetenien not ey 
od = . awe Le Pe ee te Se er 2 Pe eM oy yy eae tah ot ee el thee nae Se ee ee eee 
; ey as Seen ee eee nee ee Fr ee eine tata ee linich wihuenetaieiater vamemamie ae ere eg ORE PO TET 
Cn ee I e oa a a Pea Pierre yr ree?) erep en wer rte erry cer ae Watt dy hs sepedviavrpebe mpmapitgal aria ape bor ct ee eres 
nd a CT PS Pe See ee ee 7 ee ne ee rey Srey Spee are _ ee eae aes 
b i a af oe el eee IE aE eta ade Rel ie Rehr hee bok ete ss Liebete eal Cen ne a 
oy r) Pa D a ae a ee Pe tit) eee ve ee re ey Pn dy baie hebaepneipcbeln-<9pectthe-iit-tesyere-piran aly tow trai ee et ie in es 
' Pm Bayt wey v] ee aT ers ee) 2 hil ated Ao M808 cae GO ID Be ALR MAle Mer BOD Ma Hare o> Ce ie i en ee 
oD o r) ® dot 0.8 § Mem Dingo. A Ge, oA Sree tte et er) Th Oe eT atta ee ele ate oe ee bend b he chetemtiumti ieilinahedertnetanediaedane ee 
D * bY A ry Py ee (Pe etn rt! Veer er mee 1 eee oe ee ete ee ne eer 
Pay pee hat rime Ce rl ict er ie ee eet) Pheer) eee ee eee ee ee ee oes lheteelt:tnpeen dodo dotnet ee wt me pete 
» Ci hw a an i ee oe kT ee | oh Us er eye Pe eee te eee ie | een a fi prin Sa Hs ingen 
a Piet de en ak r ra var’ ¢ Ane 4 Pt i tt Py) Ry OTE Lae vedi CL ae bg ssa leita ea ahactes coer bcdtprsge tinge Tariepamaids chen ten bremtnemet te eee ee 
® " ° . ae tm on ha" Ce we yy) oes aa ho cede De eA aL halla RS aes oe hse aaa cena endian dalate edema dae ee TR 
D PY A A or) u C ie] o Care oe ee ars | Pn ee ee ee Se) See ee eee re, eee i er rey a Ce ee Pees 
' & » * n rt) id sat a UE ent Tie ee Te OT Oo ee ce ee tt eee te PPE GF Be SCTE ee » D ome 
n Pa) ‘ + % ne | | f LS ae Cee a eee So ee ey Th Mita Selene fod da deen 4) deed Lae vn) span, ttn0g0-moky > hd de ker arti shecbeteentetive Wyrdeudeoneee 
fl rar re A a? " ‘i eT P ~ "Paste @ Qik teeOtefmem So he cieg 1 comer boner eT etege! 4 > it ee ee oa or ip4y-tat sesirtpengenedy doer ox eeaneeep arene 
ny A Oe ee oa p 7 ss E Pe ery a Lee ravi VT eee ee et ee et eh Se ee ee. ape et Ee ale tee tat eee pee ee ee 
' : Lr Pee the I} ‘« a a” Th n 8 de 3 Lee the ee We aoe Oe ee et le a OO ee ed ee eee aoe eh OS thee ernie we 
D a o ar) a ae o 2 p “ ae ro 7 Pee PT ey) Nee eee ee eee n nee eee et telnet ee ee eens SS Aa andndietendetdier ade kn 
oD teeta | ed . ’ Pha | rs F er) home A BT eee en ee ee eee . esate nes Oar a cn ee tr Go ay iy -enerananw ar he 
. . STO. 3 ee a a ht ry Om Sr NC Re), ee ee ee De ee ee Oo ve Op Cy eek oy pr erent w ty tes 
° 7 Pe Band o Cf * ” r rd ae rey tee aie Oh a iB eh ieee ld wd woke beeweren eat preresteqeey = 
D Ui > ¢ A ‘ 5 e ao A ere Pe een td Cer eeern eg et ye ee es Oe ate etree aed Ste enaradeal ee Pes ae 
ore OF3 . be a A ' a a 5 tg At" mewtecthde Sia dal a eT Behe Sn dled tec nel acted etna 2) mbes tibpieniacedeneter tailor inane ee aE 
7 o 7 oI 2 . ~2 i ty ar | a i 7] Lt dat] a a Wee PPP Tit yi? Vee) ee Tere CP ae al cere) — CAL teedeaiee ian ellen tr, capinies > taienadnanadind pr ytat aaa by a hemppersenanes 
Pe} ‘ ne ee et . D Py ~ f “4 7 Rt ey ae ey ‘mire at. Pali ruled) Lh See lateke sd Ce ieedd eee " bhai heee te te kL ee 
. ot ea ee feet 5 mo a6 re PD eee? Core Te ang ren ve ee er oe ee ere yee Te eon ee ee parr 
> 5 ‘edhe rd Cee Dh Ja Pa) an os eta ed ee ee eee Pee er oD 1 (peer by een Sar he pel a ee ee 7 
4 r A Ay rary es Baas | rs ' ei Ot Pies § eR) Oe rae wet it nondagde ‘ome ilegend beat Mos Set a plidp linen seepeiek: te be olde tol 5 \ te oa 7" 
ea AncigeG 8) Py claw) I é 1 «ff Aa Pe ed bp bert leon € yteleg ad vt Sem ¢ Pe ae TR Bee ie ted tit ae Ch 4 eunieg slic amwge- cane pope new tit wi 
o r D p ee ee i i a ae | ‘Adte Bales -0 +4 s pektatoteethtdee sEe guns af Ebr tic apd by tae tp 5 te Sa Loe dian! ST ieschn tena te-yemseep sted cp ae tam v--ends br ateee- tales bcp ie rite eae ee 
er ‘2 y 5 ‘ ery était r 7 af in'gtlye ee oe ary papel. ee Mis Reda dit ke aaes lao nd eager kt ed a er a Airlie pring Ree tro seamlreretedegr wy sts Mame 
. Fy A C7 > «aa ach! er ere Th ee ly ae HAs bot p bo mp 4o es cond gh te Maes a Sani & perk eplets c= ko rp & | Shiites ge eae nee en ee 
Pa <7 ‘ Chae Fa ie e.: ® Te es) revi ee Oo ee ee oe) eee ee ee ett te et eee Piel ee a Sheet t Peoushemantins A 
5 Ct ye Pr) ot , ra ‘ ry on ey a ne ee ek et Cet ee | eres ere Oh been a we Cpe or i ee 
1° ' Oa ° ch af ° 4, *h wot neg rae kt 2a rs rr heh he Ly ee ee Th oe ee ee eee Ye es oe ee ndoen er 
. D Py ‘ 4 cary ee Yee he Pie ne . Prec eh Soe CaP Lert Pe oe ee ot Fon saat ee) teint hls batt eT et FoerPiueentabe ott hie eae 
A cla ' m bE "7 » tf CP ee Pe Pa ae a.) re ee re ad i ti LL Pic deeseel teedie dues usetchey tlliapateh deme J pares a st & a ee a ee umpee me oe ee 
a a rq rs i‘ Py 1s A Ade % mn, arta tos) Pe er ob ar phase te ~ # thy thee Le ee te a Ser erty Bere rrpr le nad Py eee Eee Foaaenee eke 
: on Pacts a 3 ’ Pt ah, *fp) tet teet, Vee Pio cere Marit eek ew St ei re eee re ee ere lea Bee) oo ave Torelli a en 
i , si age p Lt re. ey. ee eee Oh Se nf Rh Sree atta ahead eis ts bet lokreet-saneiad pepeleetede td Cl ek ek ed Fle teeth ee 
7 “s ° et aL ad ) » vr 28) ra Spee eae RET ay Ba ed oe eS eT ee Te i On ae ee el ee ns 2 an rere lbebedanay irate Oe ERR Oe 
ene D an y n Pa ee | " ad nr oe ear ery fe ee, enh eee etry ee te Pe es Oe, cd Db ray RY 3 een te See en ae en ead Re ee i ee! og eee 
A Cy BAe | of at A ) ' Pa YT) D . “8 . fae het ot ee vn 2 aR ee wi of ag wa. % ry et Pn ee ey ME ee ee a ee Lapa ener t9h-14-b- eae aide bacterial ast. 8§=6gs “Sb weep le 
2 Lin LL A a "e> 4 oy hf " D Cul o tane tg he i Pry ee ee eS Sev ee Sea ed ar aactinn ek tee Ee ie Sedeand pels ba, Sgt te bes edie dedi de-th-Paths iid Poa ar ar 
5 A ae Fs Poe Pp om ar ear eS Fe fr Ty aes cee ie a oe rte te ene poe Fae ae Oe See oer ms ep Sai Eels ae 
5 4 , CP ia p A 2 ar ee an t tp Yh Ra) Vers 804 fe be a ae Sart. ao , td one te % a a irr! - Br eo aor emotes pprek ar bee 
5 . 5 A Pa ern i ad ‘ ff» en et ee Nea? © WoW it ogarhe a hol Safe “ote Dea ae a Aad ee eked) eae, Ps Satan t eka ~s - 
a 5 A ry ae 2 D $ o ™ 88 Bet eM Fe ale agg ed Kall g 08 oe alte Ubnyng’e® rhe Sy FPS Eek ee stew 3 Spree Le bey ar apa e- arte - 
cq _ a Pee eee ioe i My i a Cee £8 4 tS tba % Qpeisa thos as ny ee a an ote a ete Ree) Loa LY Oy eo S eeetenl tale —ted pnb citsdie tein <, toe ie ome ioe ete iecieennaatieiaied tet 
tt Py f e . i* 8 *. “ "Roth gp Fagen Sypugs Sam fagmt ty tae eg 6 TS Tete Po New 6 M22 tack, =~ my eas hous ro de, a s aoe a? a. ee ae Oe ee 2 ee 
= . cu es ia s > * a ‘ Pr a Le ” Pre re een ay a Pa ee Pastel Let wie bh 2 : Sie sands ers oe dm-antn-nate tnd ot eo cael aliar dante te Mead 
. eee “ saat 5 eae) Cr ey) 5 é vad wafrsrgt, THUS + te Men 8 ere aly vk CR he ite a Cheat | on ie) es “ tee an Pe ee Se ee ee 
on . 8 RS i, ae f ee eS ek Teeter Co ore, ee rd ok ane aed fer abut eden dacann i hmemr seemed be ete A a mtatitee tlhe 
o 3 mas 4 8 4 7s Ol - s ae | ce Fy, agil&i\s # rh ey ee oh hy ab lhe dee fl be poeta pele ted titel be cdc ett wt! 5 aati ah hae 
. . ieee ai) e . a rt FY ‘ Ca ery ae Pe Mere TY en Ta ce as te et Se Bard Tr rch tawed oh Mae ae ok a ba ateie ae ete & pnt Menge fargo 
iD cm Ce) f , * : . Tr F Pe. ae A Tha | 1g Peighe %, et eee a me ee Oe Tenth ein t-te pater} 1 h abshe A bos We WeF , EP ae Pera ~ 
& A ” 5 Pr t ‘i ye ae eo | a A 3 ‘fi a i Mee er er on rb dal lek eae Ee ee Peco tearing cated 
5 at rR oan 1n' ds OM ye Pe eee J Indies tad the hd ak te ran We ieee eh dee ee 1) ae he eee ee] De ea pee ti 
oe th aPC LAO. 7 LE SIMU a i ewe ne Fae pg ears ras ey ens ees Api 
eo = ‘ *a r ‘ td ws ei, 7 yk ee " 6 a on aie tt CS a2 1) tte + ——— r 
Tee eet: TRI SS ThaL RNG DUCA CMMs Ria a dar enk Guha e rh Coe as MISS en ate 
' ri . a? Cr) a . rie ary AT, £ paoribstate. ame er tered OP Ta ad s P . ~s ad 4 F Pe * : a a z = oo 
; Fy Lis Les A 4 ° Pa} # ‘7% 6 84aNe Ha Picea 4 ist ve i me ae Mt ak. Re Csisent J 4 ts rai kr bake rT ca ter Pa Sh tie encanta deeeiient 
- ; + . mat rere ee! a aa See oe PT eer et he ee Sr Pai te FST tk lta phd be oe Cee eek Pk 
a U D Ca ' e a war) CY ae <a 9 TL eT any oh aes ee ti ada “ Seid ead Tine y by a oe od = Pe ye Pande dct iet ee 
e Fl ’ Fey ° Py 5 U 7 Tie es e” Ry ptetae od it er Pe I + ty Se ey ‘ co a ee on ee Reet ee ~~ pl ae 
a o. a) ’ a ch . 4 n sos S cS 'gsad “Se 3 m ‘ Bt Td Pht A ae, ieee et ee : : a as 
5 Cease ar) ee rere ‘ f Ahir aoe yr ‘ ; si Pa f ~ a Pe ts oN roe 3 io aaa rae v3 mm 8 he bapa pe 5 Serer = 
a » od p S Tir aes} a | " ray $0 4ayv. my Ter oJ Doan > 2+ rip ea Seedeeter don’ 
B , 1 ° Pies tar 4 ’ S 1 °% @: Rye @ ethene Tsu ea a ape ae yo ae! ra Je cots 
f ly 7 ; Yeu : p Ss oR =a he 19 a ew: <1 Py . 
oe : : ; Dea c a aa ye ; Re er ey LL AY H ore ort opr oe 
; ee at ; oe Pee an ri oe we sc ee er ere wy Le: aL es er, oe Pe ee 
. 0 ' far ee a. i ¥ 3 La at th eS Len a 2 Baten 6 eh eR er: eee or ae eel ti pies ts 
e a ; Prey F) 8 et @¢ "8 = = o ' A HP meer ct Le? ar hs te Le rae a) aig Se Ft Pee Pes te 
a rt ' . = oo 1 . ' rT 2 toty ee . ri ry et - 7) e % Ke ” Prenat: Pete ef “ LY oy 
. 5 5 ri Pe p OAT . y rd Pp ke Pe a | «(ft feet? ried Cit hey 
- 8 o o a) r » co * er oe » ’ ee Le 7 a'r? org one Nr PS ee, pee ’ “hte j 
. . a ' ore . ra Ler eter. § ny ae : ny ‘ rire D ay ra ae oy ae . 
rm Pa ee) Pare a) £ a a @ ' ert tee SAC <0 Gr Cen ] Ded a fi 
O 1 oy ‘ oe." f ef ] : Pa et ee ee Cr a PoP ory ee ie b Py 2% t 
: eat or Pe | Wty a | A a er ee et Ur) Pr hy ee ee ey ae ca 8 as an a ‘ He te £4) ope ge, 
. 5 Py Py ie ny 5 La P ne Vio ee ae , i 
ve Pact errr a. ae Se ey Eee sf oie ee ak Be we a Geil | bee aH Eat Sb wept 
ar: Fe ER er eee Aes Te ee ae ie oe rd Rt Rw er ee 
Dae Cert rary er eee See su one 1 oO fn PY n Pde gee town Phy 
o to ‘1 . ry eg et te Ne . Pan] Pe ) ¢ rh a) ry 
oy A oe) Ca a i A O » ee a] * Can) on 
Ll . e t a O U Ped + aL Ce ee ea anon efor eo 
bd D t Ly oa a) D D ge - 8 oe 5 Le tl | CT 
. ' oy . iat] ad rae a ao . oA , ra rf PY - % F< % 
cy » . , t ry om oy ‘ »@ se . a . . ri Ce i oe eed » a a z 
o i Cie acl UJ Lee ecient J ee Piet = CR 7 pe co 55) PF $ Me” Mas Fi. 
a i Cs =f De isl. La i . Ui Maas a OR ir pa lee oS Bet EP Pe he wo 
o D se 'e os . ° o a ry Fa Cie bd ir ' re Cea 7: [ps PEERS | pie 9 8 EES 
‘ ary eo. ae Cree at et Be Pe hers ove PL ee ee ee 6 12 "082 Pre hee ely Pe oe 
i y rd ‘ ‘ a , aries ; * ma aa eae : wl : on toee Eis Le ee ee ork) ro 
J Pat rm . feel ae ' Se ut 8 rd oT ' rd a rs = A 
o iD ans vo at ad 2 PCE rap ClOLUy ey Ta Dap cen " OP OM Gt age Ca" (UE LE heh 









Tet od seth Wad meaty sg eelaares at tt at deat eel 


































































































































































































































































































































































































‘ oe? We 7; an ROBB ALE © feb POO geg ene eee eg ae Baten 6 espe 
; ‘a : me Ee Ares teteret See edt he ieee he eet ae i hy Skee ees Ae og ys 
oi va 7 td Pale pT Ys Stat Dat male Bol 8 Ut gintele St ese ee See ee of FE ear 
: ee Pret ga orl iea OR a ail toad fe wh iaias he aE be pratt bos 2 Ss ee 
i hd A WA ite eh tak eeak teks ee ig De tte tel terial deat Dal at Tie, ad i a 5 eh ok ae iL =. bi Ce soa 
: ‘ ra aor Cd seer Cod | af i. app pe De BOOTS ell he eee 9 ht en molt iy See oe 
: OY Ate oe ae cee Oe Le ae ed a eilg. 1 oa YE yes cane® rh gg e. ae ee ad dl as A a Pt og Oo pat 
, Sate ye ote gh eee ee 2 Ee EOS Son en Sg SLR FTE SEES Mah op he Fee Whe 
Gna) rd OF ae Re Ci) Hee RSS e PERE OE RE De ees gl gmt lad 
. par A 4 ad re 5 CM eri ah fe | pe rS P on - 
ee Reece) Oe FEM din Gis os ar ey ida old Settle gers 
A se eucee ah Sevorid s bre er is Peer Prey eae ie) ate? ee te ot Net) 
is : Pa See oes SP Le tiated PENNE eee ere ree 
; i ‘ Sr A Gk Or ge ole a oth led ey dct ok ee oh ri te a eat a aie ag 
2 i ee ee Le ee ot ges oe ll ad Cl etd oF le ead ged Collada! onal oT 
oe i Pr ee ee Ls eT oe ot od ee] 
“i Prat Rick i “ ry ee toa ao gt eno reggie, tH td r 
i y Peer or) rid laa ddl of od aah er 
bs he mete ws C FT eh bed aelel ae dt Oe ook 2 ae 
a Pra Pr ai tt oo Pk bike theah Seal tant ok Wi ot ae de ol ee 1 “fol ees es . se frie yp : 
ou 2 sg 8° Het at oo ato ar Py aes Oe 3 I lit | sha! det allen ae Lal ic erliaeleam dad aM eat: alta iol sad “ {nt a fs! shad a cas p at 
Py oe ee Oe Sa ee de Se of OE ot et oe tet TY er ee od Ried bso tonal aah Fac: geo 
. 5 ‘ PPE ay aust eet g Peel eer edese 5 6%. op ot Sen ES er rem eerwr an eer Ae pe ie aes sha 
Ps ne boar Phen ae eed rar Bei ps ‘ reat ie Ao | Secor ot ee ' erry Tie eo A a ee a! tt on grey ee ogee eee Re ok Orage of Lil hada cn neh ghar gem 
rr ene ecm: ee Ae Se ao nes Het RAMA RAE p a tape e ener peietey ieee ey pe 
a 5 0 re i Pry tae ay Ly eee Piri ir eee Pha) Fs F dae a a o y e * mk A 
a . . Ces aU Or Beer D A cn see et oat oe % to o8 ghe any at ae P ne Ae fe A pF Sie eas reaie Py fied Plein rhs ete etree he teed Eerste gen es posen asa 
A ‘ ee Ape tee Fae slo geet a tgs eivvang hares gested pe atongl tle 7 kao op .qiryssese iy @ Fata as tol alll ol ile tk EE ad Lapa peeh.) peed? at 
z : : A te! fe A dh a Sok be de OSE tadashi SNA Mh SoD dt i diag LL ak bln LL dele de: aphea eie 2 t  Sact el varie phan bPay het PR Sh Pt 
. D o & re Te errno hit ere a Pee Me Vaal dal be fo OCCIES 5 OR US a eee ete a ree, ee ee bg a shel 6 eae ped Ca EBABY 
pat: i DY Ay Per mer LP ROR REE? Bree dS fp ge ark ra he gl pha a ip! Os gh peta = are 5 popes gig Aes 
/ : meee - Yap Penere oi Fe Ll Merges tebe pepenan Mal de dal op gly mote ed ep en pie ates Sg Sa 
F ‘ Lee or ree ere em ea Flee Mee SOA ee ta hoe eet tite Sing pang cepa nip ate ep mypd Dlal oak ty sa gga! 
aes ri s é LLY hae et Pa ae Le TY Oe lad ie Ie a) © fae ind te Mk a llal ah Sad h lnes ot ted ppp ad ed bf i agri 4 appa gh epnctel 8 me a pe 
4 a Pat On EMA ARENA DO ARRAN AAO SEY EH Orta ae OT CE Tae aE Ree Be at ee eT 
Tt PY Feet) CP td ead sete mene eat Oe be rtd pale its s apts 2 fe 
: toe oan ae Lorn Caner Piper et Pais £0” PT re eter rah Gee fo Ch lg apt, Weg Tne oY Kg ileal ot priests 5 PLP, ates, ales st , caetiinctliet s 
4 . 1 sa bee 8 LTE Mgt Se 9 PU PMo an veln & ap cipro os geata gow rgsgtg 6 Gath poeaee te | ae Cab epee Weaken Teo og aye ken rm ee ono spe Po pte G8 beh 2 Sede 
> 8 i A A Py Ps ete Re Pres oy a ee ot a Fe LA jc Ca Sonali @ Linton ot Sabet attiatie! Oot lata be! IE GT <5 Pidiitee Cade gt 
c See e ere ee a et el bd a Pe ee At, Lamers wdh or cep beateasec ony Pee ; we Beene pr aipeeem ad 
7D a ee UP eC Tica 2 Ee Ace ey ate ee oe pp PAH nie eer Eee ad Peta Pie St SS eel ate ley ete ole 
PY . » a oq etete § 4 oy . 1 rT d < « Cu a 9 
ao eR Me eet rh ease wire bee pk ROS Coa i oe SOLE OM ESTES PTT a OT Oe SMP ST LTPP omer meets bo al a peop tegration ple ec am 
. A A ny rs oar) Cr ed ee ee ee a hd LE oe DO ol ee 21 Pye 89921 oF cinta daccheti nen new hited = Kime on 
a ce to. ue : a . i ie : - H a) a a afi . . oh rr aP er gngree As ee ee J 2 Ce ee Ae RT ol el ad bd thd ell ated eget hedaman J eeclchp omae fen ak ell pager Teoma eee 
TN a RT SEED DR eet Arbre Brett hi bein per ret tet PEP ty Oh pene it AaB EY DOS OK oa pao ee 
f oy ro *. o : Y A rd D iy CD Sted 01 4 , = 
A ee ms o> eet Or Lr ee Loe ery Pe ee vs ete ae add Len iD rrr) ‘ 5 dd Meh at 3 2 nd gee gig Tee Ca PCR ee Papi ad 1 FON ean Sitios Rpg eee ap yal Ge eae ee anne 
» Par re Te es, Cee eat teue os Mean tae a! ey PP a ODT si CA | pha talahd cell Dh oll doh Ld se UT) Cake bY OP Oe MOE o fap wet mgs og F aoe Me le Bd he teen ak oe al i te he elt i 
r ‘ ri amend tS: Ge Scho rR re ee ar eng oa] ey ee) re ee DY es 2 ee eo ta | es 4 rere tiated Peas) Fak al ote ceaednal A ith ete sake tal ant otek eee ack 
Pa eee an Aeneas ri ACPA Te ea TSI at abe et RT hc hea a DLC INN TE ch te hs Peal ttl * ting ya Sly: tnt} aide Poll pat 
B ¥ Per rier nc Peer Gas ne gu) af atalino Pie De or et ght OF ay PIS a tae ate es PETS ENeAS ee pte gt Peep ph gp lp SEES tte ¢. 
D ’ s J atc ee Pra Ps POR ee Lh “SRT RTI” pei gc aa iis fag RRA age ogre Lal oot aS Cag erent, 4 a 
lees A : r wen ’ ' } Pye] RY Lara TY od al hd A A ad a Od oe al he A [at atest a8 pars fs pee fsa " ce rae <A 
4 : Sie i yer Pierre atte i eOreey Me ey ae ae Pe a Oe a ed ipo ts mpeteres ii ep eee! { Denteecatl te 
ae ee nC Say . ene Pee Tenet on Te Ce a aad a ast ek entero lat be hie peg i coal at poate papi: ian ht Sah 
eae eee ah 5 Hi patie ra ee Le ed pitch ies stores orstes gia views Wars Iara IVE eS re pl sel gee ae hag Fl aia te ott eel , x - 
o o D o> oe te uae fares COT gO Mh el yp Oks sU try <a IEG! C20 Ok ot BY gr gor wwe AF OTE G8 48 9? G8 LOrDEaY HOO! FE G7 MOL MAKE cog slot phe ale Lage | iin. inhetthathts eure. psintieteet 24 Getthetalts tibet 
: ois ee i Ci rd oF H Pear le ee OT ee ee i tae ee ee ad RT ces eal ates tad ct ol kad ld 5 ibaa Pearle LA) nt ph sept I he donc mong 
on a a) Os eo Head ete Pear ey Ltr ad ee aie cot Le eT aa athe de on ath ot goth S poe 10 pS 9 > CC AG amides ole sree fete | etl ginttdertghtneagl toed bbe Spf eahaage oot 
. D ° oe i eT | Pt Ld ek Pope er pe ae To) A a2 Pe er ee hee a | Mel erie ld be fe ote Laketohsclt te pecan tr nara brmctipetienttien Ss conraleh et 
Ho ts D ele ae Ae ee eer CCS Aer eCUU ene CIT a 119 af or grorstate ene ea oa came obey pee Sy” placa aha aati Ae aT ft Oni a ei in ele ie itd Anata 
D rime tt o Eta ee ae ee De ey ee ri be a . Cotbed 
a TC, oS Ce 8 ; OR POT one RC RIE E ON sete Seamer ees nye Se tin socal teen meplgie sn Sd ae eck saliecgip ok 
A : rat ora A oogitg 6e eo emo oar - ° 
an ry 1 oe | n a Rd cd ie watnt ide ah 3 i ap Lar Ban snaseryuasyche ht od ecckyy ba Pe ee Le Pod | il he enh aig eas tao el Lage. tale (ern bpp ame cheanig 
PG : ae gs : a MPa oP SOL PLLE OTT SPREE SPITE IT AL Pao y tral a St Sones PTs a Paap ep bapa npg veh enee tne gap eee ep tk Od aA 
° , Cy . ry ne We By ay , cehsekcien OTT TE Py) Tee ee tet hake tiiatcibighe ce, ino phat etter doa pli Nn Dal ene tall it te 
Lai cali oD EB , Re rh a Fyplabie et io is ok Ala am ag babe + opel oy anes Macon of bea sh one are EAB AS OPP SF FOP 
. Pi Le ot et a e Crk od) Ce Mt ek ee Ad deed | hd be = % 
we MM irre ee aS RPT Tae try PAS PLN in eel tilde abe en teh ip oy nmn nen DR EEN E meee m 
vs ' p Te pote. f a eon LAS Petalts Neco Darah tak k ot bg an OAR nt Ape fe Le Aen inl Mt ne gap be pete Solel cl ee 
: D CACO ts ety ty DD eet BS > Fe piel abd RD ie Re RED an Sita as ep nate bree Ph eins) Pe cad Auten ihn ak tebatakad dial Aiegh-alh adel am adnadaned onehetoat 
‘i a : I Le oer! otal ho! ipeafll gd ie Cat 0 Bs 2 : ee eee 
A ; ar A 5 : it . D ; Cry i iu aa a] S oe r seer Po fr De | Ce betel SP tk Se ee ee all De ald alae) phe ck: plagecah = sting eset inn tty oct tb-<irginph fabian pir dtd oat 
C a ad , Oar s dpe oa) yas Te aad y ’ Ph Lda th NOL deh, alice the teach ilps oi ita PA pertace talent part li lp EP ID aE ES 
o y Dees UT Le Sdn ys kad Tha i Sie o psie pei tbr Seber SCAT eS Paine pst nniie fi ie Shots PE ne Be ee Pare ene eh 
D , ag a Ce p f hy er Th I RE A Let Gd ST Ripped dO Jar atlas Peapod pla hdl OT en en a eee 
cid 0 O D Urea Sarr) Sa Cer Cee rh p Seas eee aee De ec a ae tel nde et Farah hs a is PO ent ok ne en ae een te eas 
' oo, F Ceweer ons. 7) re Lr eae Ee SMe MIT the hr Rid gd ET ok RS PSL TALT ca elo pnb ba apse ta argent fap indiepa Oi i iiente ata Pein Natasa Say orang 
A im ' ‘ tree Py L af Cr es ee ee Oa Ag 8h AW og WORLEY Wh gt teem nee Gorter gry Cot aS 2 a DEM oe pd SE gh Shes o) ? poent-Hrog 4 Oe a te dl tke al al laal ad el ll dal ll tiatels tn enact thc sahithata dah batt acta. tin, tt 
Pre ae MOBLECi eS rit) “Gentry eURD fl oe Pere Ph Ae ie ee Lehn ee ie ie eet ee aH red pedantic tatient Net ped 
‘ a pt aren or ANC re eCateeECn tn Pama ee Res ee Ss Ce TS Le eh el OL arta ~ fe hear Dadian! 
; f] cin Ca i re emer me I ee ee Rarer ar er er ‘Trae Le a, We |) fe ded A De ole) LA, ghabctstihed drt bch ih Sol Aaa tet) pie 2 
Pa 5 Sar Paar A Frit eae 1 eae Cee ier ree erry Yer 1 cee ie i Urn ae Lt ake ok BE a 2) Oe) ob ditad od opal Dial aw ecA Sete ts Fifi tpt 
er Pee eer a Lt a TL eer Yan I oC er Carer Pha (arts Ge oie: CL ee 7) Pe oe me | AT Sh ae eee ee ek a Myviy: {Ae 20H yey t hel aed bid d LF dh df aha lk 
re ae te ee age ae i ea IIR? LILA Ma Bae ie hak abe A tne oe ahaa eh ete «forbes at faust stge Fon Ero poet n ST Lodet oh chal oh kodaad koh peothimad tana ta ete aoe 
° A A erie wn CCC neon ber > et Feet oe Sep le a eM ee alia et oo ar] eos Lanier rhage pt BE pe es UW Pipes ee re ae rie eer eee ye oe eee Ot Lore atelibleh Gi-gl mgd ofemamagh ieee andes 
f 5 A n A oe pl Te eth) ree ees TORE OY he Lh Par a A ‘ Ms bem er nt et ne A AOA ASS Cr its A 
un q 5 at Pe rer eer ar Peiauirere cee f rs Or a ee Nae 4 a Perit Pp rj ‘ AoE fon eet ete piblnialcbaes or $fabeds deh Riis ak nh achat a i eh Apeindinthnehn io Le eet op Real arpa npiringe 
: u ‘ Se eee LE OL bat bel A I he ia 0 aaa Oo sell a bl er Pai le ee on et ee oR, el ns een oe Bede ot ade oe 
oa i ° S . atin ewer iss i a oF (eee Le Te ee a Una) OP a Ee i, oe ol DN ol hs eae la sade AIA Neel ie b i gd doh L RL onl att ante Ho gtbl ok ff -ttnectemm inn Seite Shanes nee ett a SO 
: : f rer ee ke rer * o Hane Ue eee ee a ala ean a eo ward acorasateest gtaceete. ele gee p es ee hot aden fh de ddiathl.ah-theb-ds. dad aeteetcheandin aie 
. a Crap CELE Ly A : ene Le a CS he cc ak Lie ak a ad il 9 es overs" ey s s ee eee et ee eee ee ee 
7 ’ i‘ ua Pa) Ae A rf rae a PA ‘ 7 ae uae : HRA e - Def arti aes Ah Aye Ye bo aia Br eu 8 REP DAI Mal Taser nr taba SM Sr ahd henlss hed Soha dad Tce peal Lalande da beaters ln ireniedaehat_ pe totwhace iene ti fineaarat epee 
ord O ° ne a) : af Cie Ft in hs id rede Ob aay ore fh ot .Ky rr) Pari a iy jehere apd oo i EI thd SNA ne ihteh ee Dh Mend BAT OOO Ie penile i err baie dat Ap. aaron cans Sei SME tg ened 
D O Li hay ie ee el CL i re fea Ae me od Lid ¥ bee dh Alaa ‘ 4 ere ~ CR al te at al et oe orn ee oe 
rie oa “ Pr Pa eee era | fe - Los bebe marry e Perr rs : UP Te a Cr ee Se bee Ye MT YT ad eae a Ph ads bat ab 4 5 epee ds bin pte Ab babe Caples iiaepe* as | fh penton Ply alas i en 
A ma aerate) ele ae ee eed a ey AD oe ae ta) pe ‘dll, pi eae co par ha peg pha IB Rs eh a ea ee peor pene tere oe eee ot ok ne ott ok haen Oe deat dll a op nn td de 
4 a OU oe a eet eeeael Te AR CS ARE dh edt a hg oe . . aro ey eet Paioanih ne incase chet ab Ge fet ttn tao 
° F een 0: ae Par aa aden nT PRR WALES TRE ET ROIS eA eS og Be ee | Tet rb AP pe nen digrchonie bhpan | Fpeeh po aces brackish tahayifndtte ih lir-e-terphen-eemneh-eraperias 
: x os 8 a er ert er ery) 7 TS A ere hee Tee TET eC ee ey Mees (Psat eae ie a LC) ap pete milano Plea eet te tak pirical at hg — oath mde = 
i c vats ica A A Paine i PO 4. CM AE, a Pe Ml iad a Ma oo Niet ati eae te sceieia earth test thet a ceett tt mateneialedaid Seceteednmadetersiras 
; a pte a aa : . ae on UR hg Nb oll tla . ; 2 : Y SL ctcneltltetndh col andtaeudicad adiitnasdddiiaaenmh aad 
i ee Pe a ete te Ae i eer METI iy ier We eee er ta Leo Le Let tah aed oa bide | hedge Tate eae tal et tnarasitpatocp ttt ay 
n) Pa i a ¢ 8 8'# govey othe 6 ov ATG t ore 0 ie ie ae Ce it hone ey mek oF te ds ol Od et heal al edit Cpl acniegtiante Pt er ae 
D 5 a | Cn Oe) a) aCe er ae Da OOS SS? ee Ys a ak Lhe ba tet Oe ok Cape Tp ht Lah te had dee ae pte og Fs acted debe snipes dilate th, tb oelcenleebeta-ane tmnattietinntaeenreiaetiah ts 
ore 2 Pe ts dD Se eee 00 Ai Aaa BRB SIC be a Tei e BAI 3 Se nT tag ale rey ap Li Bala Msi Pf e NT  N tntite ted adhe atk teh eomngd om andebd 
f at ay Coc ieee ts Prt ee) Peri i Tr ee eM a a Ra Dh re me hae ie Se Se, Se Oy te Deh ll tad id beach aM ae- sb thiedasinee oP fay pl i A Panel ff Nats os en Rt a en 
a) Pee nie eee’ p Pie eel) gto) 0 see ae er iris er ey Be) Mala Poros pr Ad nt HAS IOL MLL Reape ana Anil pat Baal tp Da jetty br A ara sponte pe etelrha a Ping ents een Gens saad 
oe 1 . s rs OL) Coe Te) PU ee) Sp pda ge NT IELTS MB Ta ta da ke Lid ch A 4 10 MDa ppt mahal bia rpc gal rh rh ds tnd Dens 
7 A . ' Pre 5 ee Fj rer ih mee ry ere Pee er ae PM ts CMs Wm OL ) Vir emer i iba bad | de lds nae sd Be doh AL bere LL had dl sch tlh sihecnahedh feck dad tet di tk dol cilia chdivaeiis daa beaiieamanian 
Oe on rhe : TROY tre Parl tel) arte et te ide tat) Et) 2) a a le i i tk : ae Pra ab ah. Lk Lon dh Bh cheb, dlatticdiadid.od hactiedvad clin thdhctendshan  aenataae- ante 
: : , is iS 6 : ‘ a A ttine ot 7 H re nek &. NAH Gl ie 4 PAARL tt ch oakyte He et hee yh tated! apd: ba of pe | Ath ah tte an dil dpdedadh tbalad hie badtiedcdl tanita cttechd ephi2ts deo Bhanclged 
‘ Oe a) ere 2 cece re ee A Ys YO eh) arte ta j Been a : ae tah papery vanes oe £4 Pas Ra ee te Te a alee al 
Ce ” r . 1.0 0 8 got Te ae ie a te CAM Oat a a aL tah p hpi. With ANAS ate ce Eee eee ee ee ee eee tee 
a _ i r d Pe D ra ) ae pe Th ee eS if in aes a.y Es Lt RAT te kt, ike ee ae il De | Led php ide be yan) one pak B+ NA - Sal akg Met de Bee Dee te 
; oa, oe a LA ck RAR A Par RE AOL SS ALE A Datta A SEH ANN Pees fed oC oS Nt ee ht pratt tees nner of propose oranenl 
7 “ os PO ae) Te eS tee a4 A elt EG rey Y Ria re Nak eliate eat ah he) eran Gur PrONeeTeores CL letensentemnashilgd 
PF 7 1 AF F ' oar a Te AS ee oe eg te a) eo ek ea he So nol so Ph ibe er ba eae Or CWETN Lice dtedabeste oo '. rcraearttl game 
5 D .' ‘ Sg A NE 21 obgteokwty A GB’ * | Ob © Brees 20c°eeerD tee: Mryrel eos wr FS DeMaris Bia knees ent paar Pa 
ee O ’ ; ‘ wen Ne re 5 Pr a% mes SE) ar) ns OL i Si Ee A Bd Be ola Al OAT He eee Elia lah eegeee at eset oe ote Te ean on hae Ce et eee eee a ot ot dt nal ee 
, Cr] * ‘ rc P Sees eo eek ee es Fe ee re Paki A iy 19 Fra a ig lap BET ye ade Ag 8 pe rh RA Bach pray fd Ld gad am pd “i Hh ad ta ah pales oa ere pom ene pam 
a? 4 ee | f TO Bik tk Fic aL A OR, J Ba ee De Ly A ¢ a 4 f 4 Fe Fehne sak ginal ele de Fahad 6d Le 
4 $ fea ¢ wn oe D had Mike 1a 413s tk bn Bach aed Lk A ve Set ea ks hi hs ak ks fet Baers tna 
. re cs oa ad nO Ks In re Be a ag rede ity 2 r+ A pital Sane We aeigh eA nae Asi aes Be ln ene. 
® i es ba ee ee) Sa o DR 43 PE stented i rd PT Alath Ik dite ak dad alee tee eh tel dak 
i : , A re Re Fs oe we doy Dei De oe 6 eree sere, ore Lats Ves: ait tay Mek U Pa pata poly “3 chy Sah ae Bid 4st oon bedieth_adee tne 
% ig , F tie 2) Pat a | 1 PW FU er Maree eh pees ah Son hoe 3 Pa le hil gad 92.9 OEL oR bos ae) Reng wes 
, 3 5 Os a se a HRY Te be Re hee eae ER Teme erty Saas te Kor ak as i dal Sen am) LF wih elk ge at th Ate pbk ret th Ral teehee. sy 
ere 7) ‘ Poss 0 et at ea eet oe) We oe BUT hath ats xs MOR aL tp UA ims AL Npe Saba eae Me ital on Wd Sa 
A F + Pact ia cos OR dS a, as Wald AAT a Ta lite ae hhh ot tei bd ido tab enh A ph tA Lag 
A f 5 ‘ ry rie dates Ff Nts eh Oe Rey ‘ DUUS > oF USL“ THLE LTR I rE TP ENerd ce" ga aeer Tes SG Att dd dy hod 
A Py ar! ‘i we ar) ere at arr) TS pee yee 0 Btete 2 hk) SKY VV ene? eee Coe eeEhETLE TR Oa aa of on ete t u 
aan 5 Pe, ee PR aE OP Pe TATE oe te tk PTE st Sy hh ot Bed bk Stakes Cate 





DUDLEY KUNOK LIPRARY 
UAL Pu ee 7G Fe SCHOML 
MCT a sae 1 EE OBR 








NAVAL POSTGRADUATE SCHOOL 
Monterey , California 





P METHODS 


ANALYTICAL EVALUATION OF UNRE 
USING THE MODEL BFORM 


by 
Steven L. Barnaby 


September 1988 


Thesis Advisor: W. P. Hughes 





Approved for public release, distribution is unlimited 










oo Te PAGE 


URITY CLASSIFICATION OF THIS PAGE 





REPORT DOCUMENTATION PAGE 


REPORT SECURITY CLASSIFICATION Ib RESTRICTIVE MARKINGS 
UNCLASSIFIED 


SECURITY CLASSIFICATION AUTHORITY 


/ 









3 DISTRIBUTION / AVAILABILITY OF REPORT 
| Approved for public release, 
Distribution is unlimited. 

| 


DECLASSIFICATION / DOWNGRADING SCHEDULE 


PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S) 


6b OFFICE SYMBOL 


(if applicable) 


"NAME OF PERFORMING ORGANIZATION 7a NAME OF MONITORING ORGANIZATION 


Naval Postgraduate Schoo 






Naval Postgraduate School 











~ ADDRESS (City, State, and ZIP Code) 
Monterey, California 93943-5000 


Jb ADDRESS (City, State, and ZIP Code) 
Monterey, California 93943-5000 


Bb OFFICE SYMBOL 
(if applicable) 


a NAME OF FUNDING / SPONSORING 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


ORGANIZATION 










tc. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK 
NO NO 


ELEMENT NO 
TP TiITLe (include Secunty Classificavon)Analytical Evaluation Of UNREP Methods Using the Model 
BFORM 












WORK UNIT 
ACCESSION NO 


12 PERSONAL AUTHOR(S) Steven L. Barnaby 


13a TYPE OF REPORT 13b T ME COVERED 1a DATE OF REPORT (Year, Month, Day) 
Master's Thesis FROM TO September 1988 73 
16 SUPPLEMENTARY NOTATION The views expressed in this thesis are those of the author 


and do not reflect the official policy or position of the Department of 
Defense or the U.S. Government 








17 COSAT! CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
FIELD | GROUP | SUB-GROLP Method of UNREP, Delivery Boy, Service Station, 
SS) BFORM 






19 ABSTRACT (Continue on reverse if necessary and identify by block number) 





This thesis measures the operational cost to the battle group due 
to refueling, using an Average On Station Time (AST) as the measure of 
effectiveness. Present day ship characteristics and capabilities are 
used. Three generic battle group formations are examined, each of which 
looks at both an extended and a close-in formation. The commodity 
considered is fuel (DFM and JP-5). Variables evaluated included Speed 
of Advance (SOA), UNREP speed, and method of UNREP. 

Using the results from a model called BFORM, the thesis gives an 
analytical evaluation of the trade offs between two methods of UNREP 
(delivery boy and service Staciomy. Results show quantitatively the 
extent of the advantage of the delivery boy method over the service 
station method. The advantage held for all circumstances investigated. 


































































20 DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 










CKUNCLASSIFIED/UNLIMITED LL] SAME AS RPT (1 pTic USERS UNCLASSIFIED 
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | z2c OFFICE SYMBOL 
Prof. W. P. Hughes (408) 646-2484 See 
DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 
All other editions are obsolete @ U.S. Government Printing Office 1986-606-24. 


alt 


LS 
SECURITY CLASSIFICATION OF THIS PAGE 


19. continued 

Another major Study focus was on AOE idle time. Whenever idle time is 
greater than 15% over a ten day period the formation can be serviced, no 
matter how many ships are involved, how wide their separation, or how 
great the SOA. 


Haat 
re 
SECURITY CLASSIFICATION OF THIS PAGE 


Approved for public release; distribution is unlimited. 


Analytical Evaluation of UNREP 
Methods Using the Model BFORM 


by 
Steven L. Barnaby 


Lieutenant, Unitéd States Navy 
B.S., Pennsylvania State University, 1982 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1988 


ABSTRACT 


ee 


This thesis measures the operational cost to the battle 
group due to refueling, uSing an Average on Station Time 
(AST) as the measure Of effectiveness. Present day Ship 
Characteristics and Capabilities are used. Three generic 
battle group formations are examined, each of which looks at 
both an extended and a close-in formation. The commodity 
considered is fuel (DFM ana JP-5). Variables evaluated in- 
Clude Speed of Advance (SOA), UNREP Speed, and method of 
UNREP. 

Using the results from a model called BFORM, the thesis 
gives an analytical Evaluation of the trade Offs between two 
methods of UNREP (delivery boy and Service station). Results 
show quantitatively the extent of the advantage of the 
delivery boy method Over the service station method. The 
advantage held for all circumstances investigated. Another 
major study focus was On AOE idle time. Whenever idle time 
is greater than 15% over a ten day period the formation can 
be serviced, no matter how many ships are involved, how wide 


their separation, or how great the SOA. 
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I. INTRODUCTION 


This thesis concerns Battle Force/Group endurance and 
Sustainability of U.S. warships at sea. In order to maxi- 
mize the utility of the combatants within the Battle Group, 
they must remain on station ready to perform any assigned 
task. When a combatant is involved with Underway Replenish- 
ment (UNREP) operations, it is not performing the mission it 
was constructed to perform. To arrive, and remain, on 
UNREPstation at sea prepared to conduct prompt and sustained 
combat operations requires logistic services [Ref. 1]. 

This essential support must be integrated into each 
battle group. How the Battle Group Commander provides this 
service is a critical element to the on station time of the 
combatants. A readiness goal of the Battle Group Commander 
is to maximize the on station time. I[s it better to let the 
combatants reach a lower level of fuel thereby remaining on 
station longer on the average, or is it better to keep them 
topped off at all times "to be ready"? If the answer is 
somewhere in between, then what is the trade off between the 
two? 

This paper examines the trade offs between Speed Of 
Advance (SOA), UNREP speed, and the method of UNREP. Under- 
standing these relationships may provide a Battle Force/ 


Group Commander with additional insight on which to base his 


his decisions not only on “the tactical Situation Vout ats. 
considering the logistic constraints. 

By maintaining ship logistic readiness on station, the 
offensive and defensive postures of the Battle Group are 
kept intact [Ref. l:p. ii]. This concern is at least on the 
Same level of significance as ASW, AAW or ASUW readiness 
Since none of these could be accomplished for very long 
without logistics. 

In order for the Navy to carry out itS mission, fleet 
units must be capable of remaining at sea for prolonged 
periods of time. Incorporating logistic implications of 
high SOA'sS or methods of UNREP in order to arrive at the 
launch point for power projection at the right time must be 
evaluated at the CWC level and integrated into the battle 
plan. Forward combatant logistics Support is essential to 


maintain the combat effectiveness of the Battle Group. 


A. BACKGROUND 

In order to maximize the utility of units assigned to a 
battle group, the Navy has developed a system to resupply a 
battle force/group while at sea. This system is known as 
Replenishment At Sea (RAS). Ships of the Combat Logistics 
Force (CLF) are a critical part of this logistics system 
[Ref. 2). They resupply combatants at sea with fuel, 
stores, and ammunition. Shuttle ships will transport the 


supplies to the battle groups. Once in the operating area, 


these shuttle ships will transfer their loads to the station 
ship, which is typically a fast combat support ship, that 
steams in the battle group formation. Veena, multi-product 
station ships to transfer supplies to the combatants ‘within 
the battle group, an appropriate operational posture can be 
maintained and sustained. The appropriate posture is. one 
which adequately maintains and sustains both offensive and 
defensive capabilities of the Battle Group bReE= 3). 
Replenishing combat ships from one stop station ships 
minimizes the time that the combat ships are involved in 
underway replenishment operations [Ref. 2:p. x]. The method 
by which this service is provided varies between: Delivery 
Boy; service Station; and Moving Service Station. The 
Moving Service Station method is basically an UNREP  some- 
where in between a Delivery Boy and Service Station. 

In this study only the delivery of Diesel Fuel Marine 
(DFM) and JP-5 is analyzed. The implicit assumption is that 
these are the constraining consumables, and that ammunition, 
food, and all other logistic requirements can be transferred 
concurrently. With regard to ammo, this will not always be 
the case, but this is true frequently enough to cover’ the 
vast majority of scenarios. 

The most vulnerable time for a combatant is when it is 
alongside the logistics ship conducting Replenishment At Sea 
(RAS). Bringing the combatant in from the outer edge of the 


screen to a point in or near the center of the formation to 


be under the protective umbrella of the battle group may be 
impractical when considering the time the combatant will 
spend off station. However, sending the station ship out to 
the far edges of the screen, where it is highly vulnerable, 
can also be as impractical when considering the value of 
this asset. 

Battle Groups have a mission-essential need for a high 
degree of logistical independence when deployed to forward 
areas. Current tactics and naval warfare doctrine normally 
require Carrier Battle Groups (CVBG) and other Task Groups 
to operate in dispersed formations to achieve defense in 
depth. Such formations also provide a degree of operational 
deception against potential enemy sensors. They present a 
unique set of factors which the Battle Group/Task Group 
Commander must consider when planning for underway replen- 
ishment operations ina multithreat environment. [Ref. 3:p. 
Iles His objective is to maintain the desired formation and 
combat readiness of all units in it. To do so he must 
minimize the time taken by logistics operations. 

The individual tasked with battle group logistics is the 
Battle Force/Group Logistics Coordinator (BFLC/BGLC). The 
BFLC/BGLC frees the staff of the Composite Warfare Commander 
(CWC) from extensive logistics coordination to focus more 
upon warfighting coordination. The tactical organization 
provides for a Battle Force Logistics System (BFLS) which 


ensures that logistic support is consistent with the war 


EVourmo hegudrements of the Battle Force/Group. The goal 
of this system is to anticipate and identify requirements, 
identify and allocate resources, develop methods of moni- 
toring support and measure the response of the BFLS through 
specified required reports. The BFLC provides recommenda- 
tions and implements decisions on logistics by the Commander 
Task Force/Group (CTF/CTG) and the CWC. He will modify 
logistics operations to fit the needs of the battle force 
and ensure that all needs in the functional areas are being 
met. The expressed philosophy of BFLS operations is one of 
early oor pre-emptive response to emerging problems and 
commitments. This will enable the execution of a plan of 
Seclon seem previde Support without fEurther guidance or 
tasking from the CWC. [Ref. 4] 

Replenishment plans must be in consonance with the CWC's 
operational intentions and vice versa. A look at the trade 
offs between the types of UNREP and the effects of factors 
such as SOA and UNREP speed will enable the BFLC and CWC to 
evaluate the decision of what type of UNREP and where it 
will take place, along with what level of fuel state is 
considered appropriate to initiate the UNREP. The BFLC must 
ensure that logistics coordination makes tactical sense and 
monitor tactical evolutions to advise the CWC if situations 


are undesirable logistically. 
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Battle Force Operation Replenishment Model, BFORM, isa 
microcomputer based simulation of intra-battle force resup- 
pil. BFORM was written as a planning aid as part of a 
larger study of the use of station ships. BFORM was written 
by programers at the Applied Physics Laboratory Johns 
Hopkins University for Chief of Naval Operations, Program 
Resource Appraisal Division OP-81. The model runs on IBM or 
compatible PC's and allows the user to examine the conse- 
quences of different choices of station ship deSign and 
operational methodology [Ref. 5]. 

BFORM provides a number of different results which may 
be expressed to measure the effectiveness of the battle 
force replenishment process. Two primary results relate to 
operational off station time and commodity inventory levels. 
Operational off station time is defined as the total time 
each ship is off its assigned station. Included in this 
output is the total time the station ship is alongside a 
combatant involved in UNREP. Output data is provided on 
inventory levels of 15 commodities for each ship in the 
battle force. Commodity data includes the minimum levels 
reached, the average levelS maintained, and the standard 


deviation of each commodity. 


With respect to time, output data is also provided on 
the maximum time each combatant spent away from its assigned 
station Basically, this is just the largest single time 
off station for each combatant during the simulation run. 
Again, operational off station time is the total (cumu- 
lative) time each ship spends off station. Operational off 
station time includes not only UNREP time but also the 
transit time needed for the combatant to either regain its 
station after replenishment or to leave its station and 
rendezvous with the station ship, UNREP, and return to 
station. UNREP time includes the time to transfer the 
needed commodities to £1ill the combatant plus 20 minutes. 
This additional 20 minutes is for approach, connecting and 
disconnecting, and is a reasonable amount of time to add to 
cover these events. Because of the large number of poten- 
tial variables and scenarios, and as a result of making 
BFORM as flexible as possible, it is a complex model. 

In BFORM, ships are given a mission type: combatants, 
station ships, shuttle ships, and escorts for station and 
shuttle ships. The model allows any class of ship to be 
assigned to these missions. A combatant is characterized by 
staying within an operating radius (patrol area) that is 
fixed in the formation grid. The only time a combatant ship 
leaves this area is when it is involved in an UNREP opera- 
tion. DFM is expended based on ship class fuel expenditure 


characteristics and the current fuel use per unit speed. 


JP-5 is expended based on the aircraft sortie rate for that 
ship (usually aircraft carriers) and a user supplied tuel 
expenditure rate per sortie. This sortie rate can be modi- 
fied by a user supplied event which may be used to simulate 
surges or stand downs. Station ships remain with the battle 
force through out the simulation run and supply commodities 
(POL and ordnance) to the combatants and escorts. Shuttle 
ships appear at a user defined time and then act as-~ station 
ships with the capability of supplying combatants or can be 
specified to console directly with a station ship. When 
shuttle ships run below a preset level of supplies they 
leave the formation. Escorts are similar to combatants 
except that they go everywhere their assigned station or 
shuttle ship goes, instead of staying ona fixed station. 
(Ref. 5:peezecy 

Three methods of resupply are possible. The first is 
called "Delivery Boy", which performs the resupply at the 
receiving ships station in the formation within the ships 
patrol area. The station ship goes to each ship in turn 
based on some scheduling algorithm. I£f the station ship is 
outside of the receiving ship's patrol radius, the initial 
rendezvous for an UNREP takes place at the point on the 
circumference of the patrol area nearest to the station 
ship. The station ship moves at designated ("flank") speed 
between ships. Once an UNREP begins, the ship is moved at 


the UNREP speed in the direction determined by the sea 


Seeeetlon. — oea GIrTrection 1s a user Supplied event. In the 
event that the receiving ship leaves its patrol area during 
the UNREP, it will return to its patrol area at flank speed 
and the time it takes to regain station will be added to its 
cumulative off station time. The station ship will then 
proceed to its next UNREP (if one can be scheduled). If no 
UNREP is scheduled then the station ship will proceed on 
formation base course and speed at its current position at 
the end of the last UNREP. 

The second method, "Service Station", is similar to an 
auto gas station. The point of initial rendezvous for an 
UNREP is always the assigned position of the station ship. 
The replenishment ship stays ona fixed station in the 
formation, and each combatant comes to the station ship. 
The UNREP station stays fixed throughout the simulation run. 
In the event that the station ship and the combatant should 
fall behind during UNREP (when UNREP speed is less’ than 
SOA), the station ship will always return to its station 
before starting another UNREP. In this mode, the station 
ship can service two ships at once. 

The third method, "Moving Service Station", allows the 
operator to define locations, called phantom ship positions, 
at which resupply takes place. Under this method there can 
be several locations through out the formation at which 
resupply takes place. From these phantom ship locations 


resupply proceeds identical to the Service Station method. 


The variable determining when a unit is off station and 
controlling when a unit is allowed to UNREP with the station 
ship is called the patrol radius. In order for a ship to be 
considered for UNREP it must be within the distance of the 
patrol radius. The patrol radius for the station ship will 
determine which ships will be allowed to UNREP under’ the 
Service Station and Moving Service Station methods. The 
patrol radius for the combatant is utilized when using the 
Delivery Boy method as described above. 

Scheduling of an UNREP is based on user’ supplied prior- 
ities as well as current commodity levels and availabilities 
aboard the station or shuttle ship. All UNREPs are sched- 
uled from one algorithm depending on which method of UNREP 
was chosen. UNREPs are scheduled on the basis of the demand 
at the time the station or shuttle ship becomes available as 
well as the distance from the station or shuttle ship to the 
receiving ship. The user supplied priorities provide’ the 
policy guidelines used in the decision making process of the 
scheduling algorithm, which acts in the following way. [Ref. 
Sp. 2-2) 

The station ship searches through all of the other ships 
in the formation not already involved in UNREP in order to 
determine the level of each commodity. The commodity level 
is expressed as the ratio of the current level to that of 
the absolute capacity. If a commodity level is greater than 


the upper threshold (a user Supplied input which is commonly 
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called a flag to initiate a need for UNREP), then it is 
assigned a value greater than one so that it is not con- 
Sidered for possible UNREP. A level below the upper thresh- 
old will place the ship in the queue for UNREP. Another 
user supplied threshold level is the lower threshold level. 
When aunit falls below the lower threshold level it is 
considered to have a critical need for UNREP and is placed 
ahead of other units which were flagged when they fell below 
the upper threshold level. Each of the ships placed into 
the queue is then assigned a priority number based on the 
weighted average of its commodity levels multiplied by the 
minimum weighted commodity level. The weights used are the 
product of the normalized ship class priority and the 
normalized commodity priority. The priority number is’ then 
multiplied by the ship's distance from the station ship 
normalized by the distance of the furthest ship considered 
For’ SUNREP. The scheduling station ship will perform the 
UNREP unless there is another free station ship closer to 
the selected ship. [Ref. 5:p. 2-4] Figure 1 illustrates the 
Sencautingealgorithm. {Ref. 5:p. 2-5] 

Data entered in the model by the user include: battle 
force composition, each ship's formation position and speed, 
ship characteristics, i.e., fuel consumption rate for 
various speeds, fuel capacities, ordnance capacities, 
transfer rates and starting levels for each commodity; ship 


and commodity priority levels; combatant flight operations, 
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i.e., sorties per day; fuel usage per sortie; UNREP speed; 
and scheduled events such as ordnance expenditures, shuttle 
ship arrivals or changes in weather conditions. Information 
on weather conditions can be entered into what is called the 
events file. Weather events can degrade transfer rates and 
cause UNREPs to take place ina direction other than base 
course. This is due to the idea of UNREPing either away 
from the direction of the sea or into it and could cause the 
UNREP course to be up to a maximum of 90 degrees off base 
course. This will cause an additional delay in regaining 
station after UNREP. 

The program models the battle group formation, based on 
a cartesian grid, moving on a base course of 000 degrees 
relative and at the entered SOA. The duration of a single 
Simulation run is determined by the user, andis_ entered 
prior to the start, as a number of days. Resupply will be 
provided using one of the three methods described above. 
Fuel consumption is continuous and automatic, depending upon 
the consumption rates entered and based upon the ship's 
current required speed. Each combatant operates within a 
certain patrol radius around its assigned position. The 
operator can not change this radius once the simulation run 
has started. The effect of increasing the patrol radius is 
to reduce the time "off station" due to refueling. 

Output from the model includes: commodity history file, 


which lists all changes to each commodity according to time; 


ILS. 


event history file, lists all events that cause a change in 
the formation e.g., ship leaves to UNREP etc; summary sta- 
tistics on all 15 commodity levels; and statistics on off 
station time for all ships in the formation. Commodity 
history file gives chronological information about each 
Ship's commodity levels and records any major change, such 
as if a unit UNREPs or there is an expenditure of ordnance. 
A snapshot is taken and recorded in the commodity history 
file. The event history file provides a chronological 
history of all significant events during the simulation run. 
Summary statistics on commodity levels display the time 
weighted mean level for all 15 commodities on each ship. 
Also given are the standard deviations associated with the 
means. Another statistical output is the minimum level of 
each commodity reached by each combatant during the simula- 
ELON un, 

The operational off station time output gives two gquan- 
tities, one for the longest single time each combatant was 
off station, i.e., outside its patrol radius, and the second 
is the sum of all the time spent off station. Remember that 
on station means within a ship's patrol radius and not in- 
volved with UNREP. Using these output files, MOEsS can be 
developed, measured, and evaluated. sensitivity of various 
variables can be observed and trade offs between them com- 
pared. Cause and effect relationships can be graphed and 


general trends can be learned. 
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BFORM does not consider the possibility of VERTREP. 
However, the operator could account for this by increasing 
the transfer rates of several commodities to Simulate the 
effects. Combatants could also use sortie rates greater 


than zero to simulate the consumption of JP-5 £or HIFR. 
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III. ANALYTICAL OBJECTIVES AND BASIC ASSUMPTIONS 


The analytical objectives of this effort are to deter- 
mine the trade offs among two methods of UNREP (delivery boy 
and service station), different battle group speeds of ad- 
vance (SOA), different UNREP speeds, and the various UNREP 
flag levels which signal the commodity level for which UNREP 
is considered appropriate. A central question is the degree 
of difference between the two principle types of UNREP when 
measured by the average on station time (AST), defined on 
page 2l, of the combatants. Depending on the operational 
tempo, the CWC can decide if the delivery boy UNREP method 
is justifiable, considering the threat, rather than the 
safer service station method of delivery. 

If the delivery boy method of UNREP is used in order to 
maintain a high AST, certain risks are entailed. By doing 
this kind of UNREP, the AOE (vital asset) will be exposed 
miles away from the center of the formation. The AOE will 
be involved in UNREPs with only one combatant at a_ time. 
Efficient use of the AOE would suggest allowing simultaneous 
UNREPs. However the doubling up of UNREPs on the outer edge 
of the screen is even less desireable. 

For the purposes of this study the CV and the ships of 
the inner screen maintained an average speed of 3 knots 


greater than SOA throughout the simulation run to simulate 
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the needed speed and with that the fuel consumption to sus- 
tain flight operations. Ships of the outer screen main- 
tained an average speed of 1 knot greater than SOA for the 
purpose of station keeping, patrolling, etc. 

The following is a list of assumptions imposed by the 
model BFORM. 


- DFM consumption rates for the combatants are only 
considered for 14 - 30 knots, in 2 knot increments. 


- Station ship does not expend fuel except in transfers to 
other ships. 


- All combatants transit at maximum speed when regaining 
station or departing station to rendezvous for UNREP*. 


- Replenishment ship travels at top speed when going to 
UNREP with a combatant in the Delivery Boy method, 
which is set at 26 knots for an AOE. 


- 20 minutes is added to each UNREP time for approaching, 
Proging and unrigging. The choice of 20 minutes is 
explained on page 8. 


- In the delivery boy mode, the station ship will remain 
at the relative position upon completion of the UNREP. 
It will stay there and steam at the indicated SOA until 
instructed to rendezvous with another combatant by the 
scheduling algorithm. 


- No change to battle group base course is made during the 
Simulation run. 


= WumMnomany Given simulation run, all commodity and ship 
Pieborities are constant. 


- UNREP transfer rates will be reduced if the user 
inputs a weather event with sea states greater than 3. 


The program BFORM will use the maximum speed available 


from the Ship's Characteristics file. The author limited 
all combatants specifically to a maximum speed of 30 knots 
Deeausenorethis. Accordingly their fuel consumption will be 


for 30 knots when transitting either to or returning from 
UNREP. 
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At sea state 4, transfer is reduced by one third. At 
sea state 5 and above, no UNREPs will be scheduled. 


If no weather event is entered by the user, then sea 
state 1 is assumed. 


The following is a list of assumptions imposed by the 


Author. 


A 10 day transit. 


No weather conditions were considered, therefore 
all UNREPs were conducted on base course. 


UNREP speed will not be faster than the given SOA. 
The only commodities considered were DFM and JP-5. 
Only the CV consumed appreciable amounts of JP-5. 


JP-5 consumption was 2.4 kgal per sortie, and 75 sor- 
ties per day for the 10 day transit. 


All combatants were given a patrol radius of 0.1 
nautical miles in order to ascertain time off station 
with precision. 


Combatants in the inner screen steam on the average at 
three Knots above SOA. This includes the CV. 


Combatants in the outer screen steam at one Knot above 
Sone 


Transfer rates for the combatants were as follows’: 


Sale DFM Jie 

CV 250 kgal/hour Zo08kKGal/hour 
CG47 200 kgal/hour 

DD/DDG/CG26 180 kgal/hour 

FFG 90 kgal/hour 


DFM consumed by the AOE was not considered. 


* 
“Transfer rates were obtained from a concurrent analyt- 


ical study of actual fleet data. It is believed that these 
values represent transfer rates more realistically then 
those given in NWP-14. 
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Threat axis of 000 degrees relative, for the purpose of 
ship placement. 


Shuttle lifts will be available’. 

The time required and the effects of transferring DFM 
from a shuttle ship to the AOE were not considered. 

This is further discussed on page 22. 

Flag levels, which initiate the need for an UNREP, are 


varied over three levels 50%, 65%, and 80%, however the 
65% flag was used for the design. Refer to page 27. 


>For a 10 day transit, present day capacity of an AOE 


is insufficient to Support even the smallest battle group 
considered in this study under all operating conditions. 
Therefore, to enable the model to run for each formation 
design it was necessary to increase DFM capacity on the AOE. 
This hypothetical capacity was set at 10,000,000 gallons. 
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IV. EXPERIMENTAL DESIGN 


For the experimental design, three notional battle 
groups were constructed for the purpose of a ten day tran- 
sit. Table 1 lists the ships assigned to the battle groups. 
Battle groups A, B, and C represent a low, reasonable, and 
high mix of combatants respectfully (Ref. 6]. All formation 
groups contained one conventional aircraft carrier and one 
AOE (non combatant). Ship characteristics were extracted 


from NWP 11-1B and entered into the model BFORM. 


TABLE 1. NOTIONAL BATTLE GROUPS 


Group A Group B GErOUDEC 
1 AOE 1 AOE 1 AOE 
lem. 63 1 CV 63 igen Vio.3 
1 CG 47 1 CG 47 2 CG 47 
1 DDG 51 Zoe DD Gees! 2. “DDG 51 
2 ODD 96 SoD D 3963 3 DD 963 
1 FFG 7 ZL EG 7 2 FFG 7 
2 CG 26 
6 COMBATANTS 9 COMBATANTS 12 COMBATANTS 
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No single document was found to provide ship placement 
within the formation for a generic low threat transit. The 
figures in Appendix A provide the placement for the com- 
batants used. Within each formation the inner and outer 
screens were placed 10 and 50 nautical miles respectively 
from formation center. Based on several interviews with 
acknowledged experts in the field of battle group steaming 
profiles, it is believed that these represent generic and 
reasonable formations. Ship positions were considered for 
effects of convergence zones and electromagnetic radiation, 
and placed to reduce interference between combatants, and at 
the same time provide adequate protection. A threat axis of 
000 degrees relative was assumed for purposes of ship place- 
ment. All combatants are on course OOO. 

One measure of effectiveness (MOE) developed was’ the 
averages On Station time (AST) for the battle group asa 


whole. AST being defined as: 


Mota lec iMmesotE Station 


Total time 


This measures the time the battle group, on the average, 
spent on station, i.e., not involved with UNREP. 
Another measure considered was average minimum commodity 


level reached by the battle group. Due to the starting 


Ze 


levels, ship placement, and tEhe@gtilag — level j-e ome. eee 
UNREP, the minimum levels reached for the duration of the 
Simulation run for each commodity could be recorded and 
averaged for the battle group. This could aid themeeyeaan 
his decisions. Knowing or having a good idea what the 
minimum level reached by his combatants would be, the CWC 
could determine if a delivery boy or service station UNREP 
method was sufficient or adequate. 

Both of these measures exclude the AOE data. Pes 
assumed that a shuttle lift will be available on demand to 
top off the AOE. Therefore AOE figures are not considered 
as factors in the MORE. All UNREPs are conducted either by 
Gelivery boy or service station method. It is assumed that 
either MOE could be maximized by using one of these resupply 
methods butwnot both, What this means is that in order to 
obtain the maximum AST you would use a delivery boy method 
of UNREP. However, this would cause the combatants to reach 
a lower level of a commodity due to the time delay in 
waiting for the AOE to arrive at the combatants station. 

Another important fact to consider is the duration of a 
Single UNREP. What is the maximum off station time for a 
single unit? Can CWC afford to have a unit from the outer 
screen off station, involved with UNREP, say up to 4 hours 
at one time? As a third measure, the average maximum off 
station time for the battle group will be collected and 


evaluated. 
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One question we answer at the outset is, what to assume 
es tne Starting levels of DFM and JP=-5 for the combatants. 
Initial fuel levels were allowed to varied from 100 down to 
Be percent. The flag level to initiated the need -for an 
UNREP was set at 80 percent. The following analysis of the 
Starting fuel levels is provided to support the selected 
initial conditions. Formation A was used in a ten day simu- 
lation run. This formation proceeded at an SOA of 13 knots 
and had an UNREP speed of 12 knots. Neither the upper bound 
nor the lower bound would be chosen, however this would give 
an area in which an appropriate starting level could be 
drawn. Using three different starting fuel levels, 55%, 
80%, and 100%, Table 2 provides the recorded data of the day 
by day account of AST. Figure 2 provides a graph of the re- 
corded data for the three levels using the delivery boy 
methoec of UNREP. 

From Figure 2 it is clear that the AST settles out 
rather guickly and maintains about some constant reasonable 
well. It is felt that whether this sustained constant AST 
is 97% or 94% for either method of delivery is immaterial; 
however, the fact that it does settle out is important. 
Obviously not all ships of a battle group will start at 100% 
fuel level and just as obviously not all will start at 55%. 
From this an average starting fuel level was chosen, which 
was 80%. Table 1 of Appendix B lists the chosen starting 


DFM levels for each combatant within each battle formation. 
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ies Understood that not “all ships will start at the 
same fuel level. Figure 3 compares AST vs duration of the 
run for formation A using the selected starting DFM levels 
Gawenmin Tablews of Appendix B witth that of all combatants 
Starting at 80%. Collectively the combatants of the battle 
groups will have an average initial fuel level of 80% for 


miemremainder Gf the design. 
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Figure 3. Comparison Between Initial Fuel Levels 


Paeme baer le Group conducted a ten day transit with the 
set starting ‘fuel levels given in Table 3 of Appencix bB. 
Pecereseeccanaetne initial fuel levels, a comparison between 


three set flag levels for each battle group was considered. 


After ananalysis of these results, one flag level was 
chosen for the rest of the design. 

Now that the starting fuel levels anda set flag level 
have been chosen, each battle group will preform a series of 
ten day transits using the two UNREP methods. The series of 
runs will be conducted varying the speed of advance from 13- 
21 knots in two knot increments. UNREP speed will vary over 
the range of 12-20 knots, also in two Knot increments. Data 
collected from each run will be the average battle group on 
station time, total time AOE was involved in UNREP, the 
average battle group maximum off station time, average mean 
DFM level, and the minimum battle group DFM level reached 


during the run. 
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Ve ANSE Yots 


A. ANALYSIS OF THREE FLAG LEVELS 

Three flag level settings were used with the starting 
fuel levels obtained from the Chapter IV. The flag levels 
used were 50, 65, and 80 percent. The flag level queues the 
scheduling algorithm to initiate an UNREP. Fach formation 
started with an initial fuel level average of 80%. A series 
of 10 day transits were conducted for each individual level 
within the model. Using the three upper threshold levels 
(flag levels) data were collected from the three runs using 
a delivery boy method of UNREP. The figures in Appendix C 
show the results of those runs. For each run an SOA of 13 
knots and an UNREP speed of 12 knots was used. A plot of 
AST vs duration of the run in days clearly shows a_ small 
change in AST given the three flag levels. This will 
consistently hold true when the battle groups are not over- 
taxed with logistics and when comparing the same method of 
UNREP with each flag level. 

With the flag set at 80%, 34 UNREPs were generated using 
formation B, while 40 were generated using formation C. 
This gives an average of 3.4 and 4.0 UNREPs per day for the 
10 day transit. With an SOA of 13 knots and an UNREP speed 
of 12 knots, this will lead to least fuel demanding condi- 


tions considered within the design. An average of 3.4 and 
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4.0 UNREPs per day is very demanding for the AOE even under 
the most favorable conditions, so the 80% flag was removed 
from further consideration. 

Left with the two alternatives, i.e., 50 and 65 percent, 
and operating under the same conditions, the difference 
between the ten day mean fuel levels aboard the combatants 
was approximately 10%. This means that with a flag level 
set at 65% vice 50%, the average fuel level aboard the 
combatants within formation B throughout the ten day transit 
was 10% higher. This would sustain the ships of this 
formation for roughly 1.13 days longer at a sprint of say 20 
knots. Comparing this kind of additional sustainability 
without affecting AST by an appreciable amount (see the last 
figure of Appendix C) a flag level of 65% was selected for 
the rest of the design. 

Additional insight is provided for a decision maker 
pertaining to AST for the CV vice AST for the battle group 
as a whole. Understanding the CV as the critical element of 
the battle group, the AST for the CV needs to be clearly 
displayed. By removing the off station time of the CV from 
the rest of the battle group and plotting the CV's AST vs 
duration of the Simulation run this would provide a clear 

DiGEURE. Again, operating under the same conditions as 
above, Figure 4 shows a comparison of formation B using a 
delivery boy method of UNREP for battle group AST, battle 


group AST excluding the CV and AST for vgust ene ey The 
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B. ANALYSIS OF AST vs SOA 

With initial fuel levels set and with an appropriate 
flag level selected, the three formations were used in ten 
Gay transits. The UNREP speed was varied between 12 and 20 
knots ~an 2 Knot incrememes: The results from the three 
formations are plotted in Figures 6, 7, and 8. This clearly 
shows that the delivery boy method of UNREP will give the 


best average on station time for the battle group. 
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The uppermost small dashed line in each figure repre- 
sents an upper bound. This line shows the AST for the battle 
group when only considering the time required to conduct the 


UNREP, i.e., time required to transfer fuel plus 20 minutes. 
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% AST FOR DELIVERY BOY AND Service Stotion 
SERVICE STATION METHOD OF 
UNREP USING FORMATION A 
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on 


Only the delivery boy upper bound is plotted, because the 
service station method has very similar results, except at 
the upper range of SOA it Starts to fall. It drops appre 
imately 2 tenths of a percent at 21 knots. It is impossible 
for the battle group to achieve a higher AST then this upper 
bound when operating under the assumed transfer rates given 
in Chapter III, independent of the method of UNREP, SOA, 


or UNREP speed. 
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In each figure both the delivery boy and service station 
results are plotted. For each method of UNREP the lower 


solid line represents AST using a 12 knot UNREP speed. The 


eZ 


upper large dashed line represents an UNREP speed which is 
one knot less than the given SOA. As one would expect the 
higher the UNREP speed with respect to SOA the better’ the 
mS 1. It is assumed that a battle group would not’ UNREP 
faster than the given SOA. 

Laying Figures 6, 7, and 8, over one another reveals an 
interesting trend. The trend for AST to decrease as_ SOA 
increases appears to be independent of the formation used. 
Both delivery boy and service station AST follow the same 
basic trends. The reader should keep in mind that these are 
notational battle groups, and formation placement is gen- 
Be ic: As should be expected because fuel consumption is 
non-linear, as SOA increases the AST for the battle group 
starts to fall off rapidly. Also as SOA increases’ the 
benefits of a delivery boy method of UNREP also increase 


with SOA as compared to the service station method. 


C. ANALYSIS OF UNREP SPEED vs SOA 

The purpose of this study was to analyze the trade offs 
between the two methods of UNREP. With this in mind a plot 
was made of AST for a delivery boy method of UNREP vs AST 
for a service station method. Figure 9 shows the results of 
delivery boy AST vs service station AST for the three forma- 
tions used. Using the method of least squares, best fit 
lines were plotted for an UNREP speed set at 12 knots, which 


is the lower small dashed line, and for an UNREP speed one 
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Knot less than SOA, which is the upper large dashed line. 
The results from all three formations using the same SOA are 
Grectec? nd =the results from the three formations using the 
same UNREP speed are used to fit each best fit line. 

The shaded cone shaped region between the two best fit 
fmeS represents an area in which the €WEe could expect the 
results to fall when UNREP speed is varied between 12 and 20 
PEOeES USing Similar formations. The independent ie to the 
Mgnt represents an indifference line, meaning one would be 
indifferent between the two methods of UNREP because they 
provide the same AST. In all cases the preferred method of 
UNREP did not change when UNREP speeds was varied, indepen- 
@ene of SOA or formation used. Figure 9 shows that the 
higher the SOA the more a delivery boy method of UNREP is 
preferred in order to maintain a high AST. 

Teemeemelear Emom Figures 6, 7, and 8 that by increasing 
the UNREP speed the CWC would be able to maintain a higher 
level of AST. What may not be clear is why the service 
station method of UNREP does not have the same advantage at 
increased UNREP speed as does the delivery boy method. 
Pergure "WO > oraphs the percent of time off station due to 
Eeansieueds GQistinct from timemoeffmestation due to the UNREP 
itself. For the service station method the majority of the 
OfGee Statten time for the combatants is always due to their 
MmednicitstO anaetrom the AOE. It can be seen in Figure 10 


Bhat Wewhen increasing UNREP speed from 12 knots to one knot 
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less than SOA, comparatively little was gained for the 
service station method. For delivery boy at slow SOA only a 
small percentage of off station time was due to transit 
time. As SOA increases, unless UNREP speed is increased 
correspondingly, a significant increase in off station time 


due to transit time will oGeur. 





90.0 % OFF STATION DUE 
DO TRANSIT TIME 
80.0 
70.0 SERVICE STATION 
aa 
© 60.0 c 
i B 
< 
(Ly 20-9 
bie 
i 40.0 
© 
50.0 , 
: erie ee — Solid lines for UNREP 
pear 0 nee for 
20.0 ae / speed = 1 knot lees than SOA 
0.0 
12 13 14 io 16 an 18 19 20 21 
SORA 
Figure 10. Off Station Time Due to Transit 


D. ANALYSTS OF AOE IDLE wwe 

The fact that AST for both methods of UNREP using 
formation C was comparable to that obtained using formation 
A and B lead to an expectation that commodity levels were 


Significantly lower due to the fact that the AOE had more 
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ships tO manage and the longo transit times. Naturally 
ErOrmation C will be a larger burden on the AOE when using 
the delivery boy method. 

Mean commodity levels and the minimum level reached for 
Mien Wacttle Groups were analyzed. Figure 11 is a plot of the 
Peerage Dattle group mean commodity level, i.e., the ag- 
gregate average for all combatants in the battle group, with 
respect to SOA for the three formations’. This graph shows 
very little difference between the three formations except 
Peo OvweOrez Knots. Figure 12 plots the minimum com- 
Meet ey Levels reached by any one ship in the battle group 
and was plotted by connecting the minimum levels obtained 
from the output of BFORM for each selected SOA. For each 
run, aS SOA was increased, the same ship did not necessarily 
produce the minimum level. Plgqures 12 snows. wery litele 
difference between the three formations except at 21 Knots. 
Mae soliaG  stlat line in Figure 12 is where the flag is set 
muvchermitiates the scheduling algorithm to initiate an 
UNREP. ieclmecases, Except for an SOA of 21 knots, the 
values for the average battle group mean commodity level and 
the minimum commodity level reached do not vary by any 


significant amount between formations. 


"Remembering that DFM and JP-5 are the only commodities 
momacore di. 
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Figure 11. Average Battle Group Mean Commodity Levels 
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Pom an S08 CfwZl Knots it is not eleamwhether formation 
C produced significantly different average mean commodity 
levels or minimum levels reached from the other two forma- 
tions. The delivery boy method of UNREP and the use of a 12 
knot UNREP speed with an SOA of 21 knots made this the most 
demanding case to maintain commodity levels. This is 
because the combatants are required to stay on station in 
the formation and wait for the AOE to arrive. 

An investigation as to the cause led to an analysis of 
the idle time tor the AOE. Idle time for the AOE is defined 
as the time the AOE was not involved in UNREP, in transit to 
UNREP, or in transit from UNREP. A point which needs to be 
made here is that the AOE will make a transit after UNREP 
only for the service station method to regain its assigned 
S eager). After a delivery boy UNREP the AOE will steam 
along at the indicated SOA from the point at which the UNREP 
was completed. Only when the scheduling algorithm cues the 
Mermteshipeim, need Of) UNREP will the AOE transit to that 
Sap Ss position to conduct an UNREP. 

Comeeuguinre IS idle time for the AOE is plotted asa 
percentage of the total time available to the AOE, 240 hours 
(24hr / day x 10 days). It may be deduced from the percent- 
age plot of Figure 13 that the AOE only had 21.47 hours of 
free time when using formation C anda delivery boy method 


of UNREP at 21 knots SOA. 
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An imspection of the data <Gellected inane wcuerUt ot 
BFORM showed that there was only one point in which suffi- 
cient time was available for a console (when a shuttle ship 
transfers its commodities to the station ship) under the 


conditions just stated. This eccurrecyat day Soe 
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Figure 13. AOE Idle Time 


Simulation run. The AOE has’ sufficient fuel capacity to 
sustain this formation under this OP TEMPO for approximately 
6.6 days. 

The percentage of idle time for the AOE appears in an 
intuitively appealing manner. As expected, as the number of 


ships increase within the formation, the idle time for the 
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AOE decreases. The plot for formation C does not appear to 


deviate significantly from the other two formations. 


E. ANALYSIS OF OPENING UP THE FORMATION 

Formations A, B, and C were opened up to simulate 
extended formations. These extended formations used the 
same relative positions as in the base case, but with the 
outer screen placed 130 nautical miles from formation center 
vice 50 and the inner screen placed 30 nautical miles from 
formation center vice 10. 

Figure 14 graphs the results of the simulation run using 
both delivery boy and service station methods at a 12 knot 
UNREP speed. The general trends observed earlier still 
apply. The AST maintained by the battle group for the de- 
livery boy method of UNREP using the extended formation com- 
pares almost identical with that of the base formations. As 
expected for the service station method of UNREP, AST fell 
drastically due to the transit times for the combatants. 

Figures 15 and 16 plot average mean commodity levels and 
the minimum levels reached, respectively, for both the 
delivery boy and service station methods of UNREP. Although 
the extended formations maintained high AST under. the 
delivery boy method, what is not seen in Figure 14 is’ that 
combatants suffer, i.e., reached much lower levels of fuel 
at the upper range of SOA. This can be easily seen when 


Comparing Figure 16 with that of Figure ld. 
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Figure 17 plots the AOE idle @etime for these@eiiven ae.) 
method uSing all three formations. When using formation A 
the AOE was able to maintain sufficient idle time to console 
around day 5 even for an SOA of 21 knots using either method 
of UNREP. However, in formation B the AOE could sustain 
this posture at an SOA of 17 knots, but could not at an SOA 
of 19 knots when using the delivery boy method. For the 


service station method, formation B was able to maintain 21 
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Figure 14. AST vs SOA Extended Formation 
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console at 21 knots SOA. @When using formation C oPhings cor 


even worse. This formation was able to sustain sufficient 
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idle time for the AOE to console when using 15 knots SOA for 
Gelivery boy method and 17 knots SOA for service station 
method. However it coulda "ne@t provide this pastare acme 
knots SOA for delivery boy method and19 knots SOA £or 


service station method. 
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Figure 17. AOE Idle Time Extended Formation 


The program has a few hours at the start of each simula- 
tion run where the AOE is@i@le- Ehis is "aue fo tne gros. char 
no ships start the simulation at or below a 65% fuel level. 
Therefore, as seen in Figure 17 the plots for formation B 


and C start to level off down in the range of 5% AOE idle 
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peeme. in other words for formation C the AOE is essentially 
busy continuously above 17 knots, and the queue of ships 
waiting to fuel is building up without end. The same 
Seerusetion occurs for formation B at 21 Knots. As expected, 
when uSing formation B and C in the delivery boy mode in the 
upper range of SOA, once the AOE started UNREPs it never 
caught up, i.e., it always had some ship waiting to be 
refueled. The ships never ran out of fuel during the ten 
day transit, although a few did reach some unacceptably low 


levels. 
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VI. RESULES_AND CONCLUSIONS 


A. METHOD OF UNREP 

One of the OTC'S major decisions is between being 
continuously topped off for battle verses the degradation of 
readiness due to screening ships off station or the exposure 
of the UNREP ship when the delivery boy makes its rounds. 
The tactical commander must also decide between the service 
station and delivery boy method of UNREP or something 
between the two, a possibility we have not analyzed. 
Measuring the time the battle group, on the average, spends 
on station (AST) is one means of measuring the effectiveness 
of the battle group. Trying to maintain a "Ready" battle 
force by keeping his units topped off at 80% will degrade 
the screen effectiveness and overtax personnel and equip- 
ment. 

In Figures 6, 7, 8, and 14 we readily see how much 
better in AST the delivery boy method is than the service 
station method. How much AST the decision maker must 
sacrifice for a service station method will depend on the 
UNREP speed, SOA, the number of combatants within the 
formation, and formation dispersion. Figure 9 shows thateas 
SOA increases the preferred method becomes even more prefer- 
red, i.e., moves further from the indifference line. As SOA 


increases the AST lost using a delivery boy method is 
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citer aS CcOmpared to AST lost for a service station 
method. 

The additional benefit in AST due to increasing UNREP 
meeeade iS higher for a delivery boy than for a service 
station method. Relative to the same SOA, this is due to 
the large amounts of time involved in the total transit for 
the combatants uSing the service station method. This can 
be seen in Figure 10, which shows, as UNREP speed is in- 
creased from 12 knots to one knot less than SOA, the addi- 
tional decrease in the percentage of off station time due to 
transit 1s overwhelmed by the large transit time under the 
service station method. 

In order for the AOE to meet combatant refueling demands 
and at the same time have sufficient time to refuel froma 
shuttle ship, a certain level of AOE idle time is reguired. 
More time is required to conduct delivery boy UNREPs vice 
service station UNREPs. Idle time for the AOE is dependent 
on the number of ships in the formation and range of the 
Piles wethOm tOrmation center. It was found that the AOE 
could provide the required refueling services given that it 
had approximately 15% or more idle time. 

The AOE was able to serve formation A (6 ships) under 
all operating conditions, even the extended formation, and 
maintained commodity levels relatively close to the set 
flag. Using formation B (9 ships) however, the AOE could 


provide the required services when screen formation was set 
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ates0 ning It could not for the extended formation (at 130 
nm) above 19 Knots SOA. A further constraint was observed 
with formation C (12 ships). The AOE could not provide the 
extended formation above 17 knots SOA. As seen in Figures 
16 and 17, extremely low fuel levels in the combatants and 
the AOE idle time down in the range of 5% clearly show that 
the AOE is incapable of providing for more than 9 combatants 
in an extended formation when required to maintain an SOA of 
19 to 21 knots for any extended period of time. It was 
observed that the AOE could provide an extended formation 
for short periods of time. 

Under these extended formations it was not uncommon to 
have AOE transit times in excess of 15 hours, and even up to 
24 hours when using an SOA of 21 £=Knots. When using the 
close-in formation transit times seldom exceeded 10 hours. 
The scheduling algorithm comes into play here. For instance 
if aship on the outer screen enters into the queue for 
UNREP and the AOE has another ship enter the queue before 
the AOE starts its transit to the outer screen, due to the 
scheduling algorithm, then typically the closer ship will be 
UNREPed first. The major outcome of this is that very 
seldom will the AOE make a transit between combatants on 
opposite ends of the screen. Therefore transit times are 
not as long as would otherwise be expected. 

As a tactical aid for a decision maker, the analysis of 


the results o£ BFORM provides some insight into the trade 
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offs between the methods of UNREP and the desired SOA. 
Soot Gering “thew mission of the “battle group, training, 
surveillance, or intelligence gathering, all of which typi- 
cally fall under the heading of "peace time" operations, a 
CWC may want to use a delivery boy method of UNREP knowing 
that this method will maximize AST. Within a high threat 
environment, a service station method provides’ the best 
protection for the AOE. Consideration must be given to this 
vital asset, considering that a battle group in the extended 
formation B could not operate for long over 6 days without 
having the majority of its combatants running out of fuel 
Teang an S@m or guUSE 19 knots. 

Effective use of the AOE prompts the use of simultaneous 
UNREPs. Consolidating UNREP evolutions will ease the over- 
all work load. Battle group endurance is directly related 
to the staying power of the AOE. The AOE delivers roughly 
60% of its cargo to the CV, which is another reason to keep 


eiewnon in the vicinity of the CV. 


B. THE PROGRAM BFORM 

Biemprogram BFORM will abort it£ the user tries to usean 
UNREP speed equal to that of the SOA. This is why in the 
analysis an UNREP speed of at least one knot less then SOA 
was chosen. BFORM also will abort if SOA is set equal to 
the maximum speed of the station ship. The program will 


however run if the UNREP speed is set faster than the 
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however run if the UNREP speed is set faster than the 
maximum speed of the station ship. 

The program is flexible and allows the user’ to model 
realistic situations. The operator can use different flag 
levels for the different combatants within the formation, 
depending on the units' priority and mission. The program 
should be improved in three ways; it should include the fuel 
usage of the station ship, it should have the station ship 
return to its assigned station after a delivery boy method 
of UNREP instead “of staying Inthe “vicinity Gel =ene was 
UNREP, and last it should allow the operator to input a 
variable which will cause the scheduling algorithm to 
initiate an UNREP when the AOE is idle and a unit comes 
within some percentage above its flag level. These addi- 
tions would better approximate actual battle group opera- 
tions. The net result of these three changes would have 


been a slight increase in AST in some cases. 


C. RECOMMENDATIONS 

Understanding the mechanics behind UNREP and the _ two 
methods discussed in this paper will lead to integrating 
UNREP considerations into the tactics of warfighting. 
Battle group on station time can not and should not be 
assumed to be 100% no matter what formation or UNREP method 


if transit time is in excess of three days. 
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mpmaploying Eactics which would rotate the formation could 
Provide additional AST. Keep the AOE under the protective 
umbrella of the CV and rotate the formation around the outer 
screen. As a unit of the outer screen requires refueling, 
bring it in to replace a unit of the inner screen. Send a 
topped off unit from the inner screen to the outer screen. 
The AOE would service only those units within the inner 
screen. However, this tactic would require units to have 
comparable capabilities. This new tactic offers promise and 
requires further study. 

Another area of future research would be to further 
consider battle group screening effectiveness. When units 
Berar s tmele outer screen Stations to UNREP screening effec-— 
meveness eegrages gracefully, not abruptly. Similarly, as 
units get close to assigned stations after UNREP their 
screening effectiveness would increase to full value. At 
Presenter thls seffect can be approximated in the model by 
specifying a patrol radius instead of a point station. 
However, in order to utilize the model feature, AAW anc ASW 
experts must analyze and determine the best choice of radius 
to represent "on station" effectiveness. 

While BFORM does not presently have complete flexibil- 
Peyeelemise already very powerful and could be modified to 
model additional scenarios. The goal should be to blend 
screening effectiveness analysis with new UNREP tactics to 


achieve better, safer battle group operations. Readiness at 
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the battle group level is more than some CASREP percentage, 
manning level, spare parts and stock on hand, or even 
training proficiency. Not only do we have to make do with 
what we have, but allocating what we have smartly will lead 
to the maximum battle group readiness. BFORM is a viable 
tactical aid which can and should be adopted now by the end 


user--the commands and their staftét. 
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APPENDIX A 


STEAMING FORMATIONS 


Three steaming formations were formed using a low, 


measonanole, ana high mix of combatants. This appendix con- 


tains those formations. 
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COMBATANT 


ey 63 
CG 47 
DDG 51 
FeEG 7 
wp 963 


CG 26 


AVERAGE 


TABLE 3. 


GROUP A 


90% 
95% 
70% 
70% 


70%/85% 


80% 


APPENDIX B 


CHOSEN STARTING DFM LEVELS 


GROUP B 


90% 
95% 
75%/85% 
70%/80% 


70%/75%/80% 


80% 
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GROUP C 


90% 
85%/95% 
75% / 90% 


70%/80% 


70%/75%/80% 


70%/80% 


80% 


APPENDIX C 


COMPARISON BETWEEN THREE FLAG LEVELS 


Figures 21, 22, and 23 plot, using a flag level set at 
50, 65, and 80 percent respectively, AST vs duration of the 
Simulation run. Figure 24 compares AST using formation B 


with flag levels set at 50 and 65 percent. 


58 


SAVG SO YAEWNN 
i 9 S v 


Olt 6 8 


¢ z 0 
0'96 
‘96 
VOS SLONM €t GNV 'SLONM ZL LV 026 
SdJYNN AOG ANZANIG ‘VIS *OS 
ONISN TW 'O / @ / V NOILWNYOS 
G'L6 
0°96 
G86 
Lt oem Pees ee oN. 
@--------- Oe. a ss g ~ 
ane 2 | 
<5 ese = Wat st kD “ * 0°66 
co Shes . 
4) —- \ 
icsteNe eS OW 
eee G66 
Saas SS 
“> S 
“SSN 


5 > 0O'OOL 


ye) 


a2 


ISV 


Pergure "2iye Act ror o0s Flag 


a 
~ a ~~ oo 
— = 
— ey, — ~_ “e~ 
2s. ro ooo 

@- -------. howe r errr —K———- =| = Ni ple eee ee me 

Neo a .. pia 

2° 
o 


SAW 0 YIHGWAN 
S y 


VOS SLONM ¢t GNV ‘SLONM ZL LV 
SdaYNN AOG AY3SAIIS “OVS ¥S9 
ONISN Tv ‘SD / g V NOUVANYOS 


Ve 
/ 
f 
ne \ 
aN 
SON 
cor al 
x \ 


0°96 


S96 


O26 


G26 


O'86 


S86 


0°66 


S66 


O'OOL 


4B 


AST For 655 Flag 


ISV 


Figunpe:s22e 


60 


SAVG JO YASEWNAN 
£ 9 G v 


. 
—_— 

aes —_— + 

wan - 
* Vv — ae —, — ee ao 4 

a te om = =~ __ se nee 

--_ —_—_— bp as 
623242 >" eee ee eg 


YVOS SLONY fl GNV 'SIONM ZL LV 
SdIYNN AOG AY3ANIG ‘DV14 %08 
ONISN 1TIV ‘9 / gd / V NOVWWYOS 


O96 


S96 


O°L6 


S°£6 


O'S6 


S86 


0°66 


Sa06 


O'OOL 


LSV 


MEgures23% 


PoievoneoOcer lag 


61 


Ol 6 8 


VOS LON ¢bL VY GNV SLONM Zl 

IVY Sd3yuNM AOG AYXSANSG ‘8 
NOILVANYO4 ONISN OV14 G9 SA 
IV1l4d BOS N3SMLIG .NOSIYVdWOD 


SAVG JO YsSEWNN 
cL g G v 


¢ 


—_ 
omens 


LV14 ¥%S9 


K 


‘ 
NS 
\ 


\ 


0°96 


S'96 


O26 


G26 


O'S6 


S86 


0°66 


S 66 


O'O00L 


ISV 


Comparison Between 50% and 65% Flag 


Figure 24. 


ae 


LIST OF REFERENCES 


1a Captain R. B. Wellborn, "Battle Group Logistics--The 
Multiplier", Unpublished paper, NAVELEXCEN, Charleston, 
meee, Pp. li, February 1988. 


2. Blum, J. L., Issues and Options for the Navy's Combat 
Logistics Force, Congress of the United States, Congres- 


Sional Budget Office, p. ix, April 1988. 


3. Commander Surface Warfare Development Group, COMSURFWAR- 


DEVGRU TACMEMO 600-1-80, Underway Replenishment Decision 
Wonine@m@nid, p. 2, June 1980. 


4. Commander Second Fleet, TACMEMO-2ZZ 0010-1- 85, Battie 
Force/Group Logistics Coordinator, p. I-l, January 1985. 


5. The Johns Hopkins University Applied Physics Laboratory, 


Report NWA-87-039, Battle Force Operation Replenishment 


Model-—--BFORM Functional Description and User's Manual, 
Hereford, L. G., and Spiegel, R. F., March 1988. 


6. Presearch Incorporated, Report No. 648, F. P. Amend and 


P. A. Ansott, UNREP-88 Study--CPAM-86 UPDATE, 10 February 
1984. 


os 


Oe 


INITIAL SDWSTRISUREON: LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22314 


Defense Logistics Studies Information Exchange 
U.S. Army Logistics Management Center 
Fort Lee, VA 23801 


Library, Code 0142 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Deputy Chief of Naval Operations (Logistics) (OP-04) 
Washington, DC 20350 


Deputy Chief of Naval Operations (OP-375D) 
ATTN: CAPT S. P. Duermeyer 
Washington, DC 20350 


Deputy Chief of Naval Operations (OP-814) 
ATTN: LCDR A. C. Moser 
Washington, DC 20350 


Applied Physics Laboratory 
ATTN: Lance G. Hereford 
John Hopkins Road 

Laurel, MD 20707 


CAPT Wayne P. Hughes, Jr., USN (Ret.), Code 55H1 
Department of Operations Research 

Naval Postgraduate School 

Monterey, CA 93943 


CDR Mark L. Mitchell, Code 55Mi 
Department of Operations Research 
Naval Postgraduate School 
Monterey, CA 93943 


LT Steven L. Barnaby 

Department Head School Class 106 
Surface Warfare Officers School Command 
Newport, RI 02481 


64 











Thesis 

B22603 Barnaby 

eum Analytical evaluation 
of UNREP methods using 
the model BFORM. 





brane Pi we af OE Oa a a 
rent pues eh mee ten ht Bae ee we 
rivets a re pe eer Tey one 

aro tart Contre ee 
Ce uber ee Se eet 
tht teapopiammgiaiiees a a ee ee rte eS e tree 9 ey 
ninetenapigphnmsap me nd oA ae Pek pie. ie ee 
ne endaliete ACR 













hesB22603 | 
Analytical evaluation of UNREP methods u 


HON NAAN ANNO TUIRLURANNGQINAT UT 
I) AA WTA WH 
| | ll | HA iti | 





or we ei ee re 


PY Tey rae een nN e Aree 
~8 Oe ” ee et tee AY. 
4 t ate ienoes (ee ea ety PoE 
tee Carer ereratrd petra py Ure art laa baeh a ae ae Ya 
beoak -ilnelpe Seiptabere ct taptg 2s Let eater tia uitogn ld LEE Lok nel 
OTN eran art mtr samt eee ae 
te b OF fp- HH). 4) De Maher FST YS ee PP a 
’ CRIN ore ns me set clahsees Loe hhh Mabel aelag 
eda Phd meat Yh TY OS Te A MEK LAD 
See Se Rn a ep same oe een Yel re EN PE Lined) barehrshel ete baleen aes panel edie, Sale 
eancininga St weaned tie Ee oe a ya Oe a ke aa ee ee BURL Wb.4 Btent € %.f 
" Lnmelteldau es Laud tus Sa semteen Do Seadendt ee lie nuns Al ieee ed Gate aes ta =ahrteasep dah lath peek Le ae 
Laptnprlypragiatipethly a onsen dad ‘ce pourri henna eeuseibelndt: we tbvoneaenal we aetared Ne eedigehs Mele aang eerh oer ae ee fe eee 
lastest Teen tak Tt ee ee a ey heen Tad ae at pre cahditlatein att ee ee > ae 
PALO” ar meen seerd pHOE Let eee eT 80 9B ws Gh Boda WTA. OG 1S Om Wee. H. 1. Od) To aa 
te Seka bel @ Uy ot. bere aptinge pp rd pepe bode hepbee debi kets) ee) Pe medunel | tome, 
Cain dhe ae a doale ee or einen me bh Meee tee ee re ry et Cee ee 


rel Seecieen a biipermaae ull, cate teary te. hea eek er Se ee ee 
errinas an amss pmsiegh Fount ee en ET) Poets PAV ots ot eae 5 
Lone thatentntertn aed tact, Lon ite ee a dee doo sit gl ibd lane tak Pubees The MEAT Me tA ei en) 
Pyrinbirsehestempe wa hunteg id ted ae eo dee eka kae | OD ek ee Pay bio. Seo ey cde One ale) < e e Pe oe et eH 
arty Aprerarecgngna aa rgpnenede te tolporeuden eke ante eee! Pi cote te eens TA ee ee, te ae pet te 
cad Lpeamiasiel ieee onal aed ee ee eee Oe Tip eee) el ety eA PRE Soot + € get . mitigal od A Le 

bs ma Perens de tele ol ede dnntes nitinemenbie ait este nell ded SA ue ci Peery aoe tet Meee SY ee le won 
perder thet etd A nsie Rea asic 6 9205210 Rotediaaben,eieceie s ontinitae iil tLe ee ee ee ee ee De ee ee eed ee 
ar aieael fen tinal dite ates st neaeniahs sinte ale ae Lda tinh de Ul edn ate ead at aT ea Lb tet oe Tr. 
4 niet peninied dteatentand ty ny acl oti isch ee ha edt ete tale tule he en 6s he te teete RAL Ue Th ee St PL 
eter ener) tote eels nie be IL Ee hd eet ee Pt ae ate ee BOM ehieli nee eh. AMoheRHODATE a UCe rR DePe 
ena R sper irons naan tlh raphy matt nso tys hear peletenlaeakige Ler eee OE aN AE Ae DALLES T 
bandaging snedradeales a ent patasenl aid sibel atone ei nteedad eae ehrernrarpee maa momen * 
enews | setiegll- pn hange-aimebbain ghee ls tanga tet LSet ead aL ay See TY Tey ee a ane 
alld eb anbiipaund ater ial elaine Ute oe a ee Se te de ee 
sn ghpeteni te tea eee PT PTE) te sleptieadiet hier ad dnes aqua ig hit ee iia ona eet OUT eT 
Se at atl tet Sas aetna atthe atts Vital eben lhsdetteseie Ute Te arene’ ee erg tert de alka sehen aA) ' 
Aebcubtabistnh sata Landa Rial el alehcamen tie ee ee oe Se ne eens ears 
saad tiaeatieeth then onal adh aitabensie dead Tas alesibialinabdaniad 
Letanlew | etiakel detail 

















:. - 
BO 
MS AIS Het 


hs 
he 











AAA 

AAA Ht HH 
3 2768 000 84583 8 . ie 
DUDLEY KNOX LIBRARY oe 





ee ee lee tt Wea 
ee pe eo 
4% mee PS cnr sel est 
PR iT EC Ne 

























prey 
er, aed i 











Th end 
beak 





a 
P se 











rT eee 
fitnvBA # | 
ee ear ee a . i - oy 
ee ee tt at ee ae ee be tn 
oO DA Obey ec 6.8 ‘ee : 4 Po ar 
Trav e Co ee eee ci} a ee iO a te es : 

| a bd ot p 

ote ee 





ee em ok ee ee oo 
ek ae 
wy 
St 


can 2 PA) 
ry 


ts 










bP hete 
Ce be Aken Let ed 






ere ae Ce Ce ee i er rn A " : ee 
F Pane) yam er a sre he . te D bd 
S G2 Obl See hie) 0 to Sies a fialt é co) ry F au ra ' :e ’ 
ee et a. a) ee thee UE pBors! ha | Me oe a 
, Oe as ms Te ete) ae LT ae ae 4 au a a 
pi hatin acta beh) a etdaiesiess io eatend bade Ltt ta eae nee ee te et eet Cee eee re ee eet Pe ee ir ee) ee it 
eattitenda ke na ran ea atatadenae eel "7 de Poe ete een Cee er Led CATE ae re way a et AMS seeh Osta 8 1 ee path BE »* 
Jaton athead ith) deteuaih emia tea ek | reset ene et eee ee Ly Att tell Lele eet ote tee aL ee ee OL Sr) Tite iT COMET ee ee OF Thy o 
 saaehtpeedl tak neeeniatent Bi MeN wet here TER the Ey Balt oft ble Le Doel tes 3 ee TA ed Ae (a ee ee ey eer ae ny en oe eee "4 etait -s ' ea ad 
aioe) ahd ee el aed eed el tk nt ee ee me Tee 10 Goh Bet OM. NIN AY Oey dmb Me AS nel bod Lee ‘ o ’ 
eh-ephetietlete h hghaee a ead ede eee eee ema They Pe ee ey ae Pee Pe Or eo eer eT reir a ere es a 
papinaieea Ld Ads, shrapha lacateeanl mt toa dadcne aeatnl Le eee Te Te ee Te Sale ae te ee pe rer ce 

mipisdretcasinidatesie tase aes icdietet tt eae Cee eee es eee Co ee ey 2 es 

~ptnpintast-teeein et idkecnathmhenoariimiae ett OT ae Si ee Ce eee Pel a Ce ae er er 
septal ps cheiete tthe eeastnti ale tie iat a neen tee aia dL ee Peer ere tT ae ee er 
pry -cipnpaarreeberrn eats te arte mda en ee bind aletenies adhe alia! ia ieehd tte tnt eee tat a 
mictipeibaiegunatiola, usthantnisationhtiontn te Daddetr letter chsh, j-emeledeall badd tmatd PeniMaenaeuin made a eal tee ee te eee ad Oe ee ee 
ray her er epee far IFT TY AT pe Gee NEP SAD athe ah cab iebadhcace Late ado el eC Lk et ee ee ree cee ee ar 
wireti-amaratutormans dbl te ee Us tat eats ot Be ea Eee ene ie, YL) anne LIN ie Co eee ee ee a 
lento ee P-whtheeniastyhomattdhebdelaidbalel abide taro te Tae ate Pohl mi Bal f cere hghr heat giet "ime Mao oh © Ghote ® be Ce 
= ee Lahcpnandy sapth Prealathiginted -aauoadedl-aeinap dh kapegone netuetade Sovak cate Oe ent aT DeLee et eee. er) ee re tee Poe | h* 
sputiay egtoartimetemetael dase sou Llane ah he a ek La ete ik eteieaat bide Le tal Pett ae Ld Le Tt ie ee ee oe ee 

eater (celal aedenanatstedahan ae deabccnde add adustiun clans eae en ee oe oh ed eA keel eee ee ee 

=o ele rome ‘arya ew fete ed pte” an Calebais cee teal Lad Rd te Tee ret ee ery Der a eT) nae er ere eee ae Pe) oe a Pr | 
ao tircinpt a iicigmampjrud Wek aner cael a eee ee ny Te a ee ee ote a tot eo] 

2 et | sddasieleeten tated iiad died iat Tie Cie a ery eer ee ee eee ' F 
ceindentiladetentint mated oan Cll oats ale Let Pe ae ee a ee ee ee 
arrageer- Gl maatpag imate neat lehman athe oe eee ean lade aed Beek Oh tom oD, ety te te Hit HP OES A ol 
Pome at itera te te eT Tr at ee ell eee ee a Tee ae er ey er ey re Oe Pe er i er or 9 Coa ra aC ° ] cis 

iabdtettpainietenaet ict ot ate CO Reehadent dt nd aha eo Fol OWS ohn ha eee ne Seal eel ee Parl Pee CLM to ous PU ie TT ee a OP ee oP eer eT ey ate et a ie : 
epuraliogr dimtcemes-so-ranruaansl Caine deuneie tk Se et Peet) Ladin oth Model en tant | at kas fe ee a Ye ee Pe | a ry o Ci SO te 1? 
beans oie Mar mctarcirtittter tat chee acted iE er ee eed Lobe) Pee re ee Pee Le eC Tees Oe Pe eT | ee ae oer ey Pa te! Li .! 
rings eeiepeetitipambriied dun. ata be Tt a TE aT ee ee em ae) oe ee ee i a 
seeeaTailoans pepe remnesei T  ETE Pe es EEE) +H LMOL Rep he & Ape meen abbot hh lan at, de im a od hat tt atastabay ati esa 
rivtainalh ar uendnsiratedess dike died anata ente tinteoec a Lee ache naee Sek ed ate ate ee LY Tae tT WT ice mn teak ae 
mrtranp laste Sir tetabslieibeeie nek ee ae ee Sat del kok ak Rok ined Mohn Mia ot st tie etol at are tt) 
tae eral virepner virtubaiend late ne ee CLL ay Eira 18 98 eA Anelak ner efomre eee ' Me 
ahead “aide at Araididedestin beh ae OY ait li Peete Lint Pett ety ae ee ee | Sy een) 
meeeaaiairenteichemage aged cae De TT Tat re oT Te eT rae oe rr P Cee cen Ae 2 st 
emsi ab tens ebed lee Teh lege ee atest RO ee ea oa 
reaeteeieiek ander te! bs 
Sede tondk-dieea 7 bs 
bulvetkasieemtaenir olen oat ae ee ade 
‘enfin nidaa nat Fs 































ae tre. 








wa ria] 
a et U LU 
es St | "¢ 6 


Rosia 4% 
























rr ae 





aes 
Ce te Ld 









Ct en 





* 
A 
a 






















Y 
Py . 
a a) 
































Ces te | 
RT mire) 
Crt a 
pe ee 
ee ee ee | 











e Perr ae ee Peete 2 
FO a ae ae a 
Piet titties 
Se Lee i we ee oe eS 
OI @ thd A 6 ame B® ete A de bead tl 
TL ee TT ee ee re eee 
CORPS ene eee ke ie 
OU Vand 76 F Sree at Ad 6 ad ue 
Luan ded oi tT ee Oe eae eT) a ett ae. eee 
Seach on am eat sidege tae ene «a ed eee ae Be PY oe ne a ee 
* Se Oe addr a at en LITTLE ake ae a ae a 
Fits danatieindt athe te Leela Ce ett tt let any ee oe Pee a ee a ke ee Ce ee ee oe ee 
ruled ceed alee sh stig di ahekell Lk et atl LoL ee Oe eae ot Se eT ee eT toe at 
steel nan nme ahaa lak ck ae Ee On ee edaiet ee atthe Te ee a ae Sate Bot b3e Myatt bal often *2 
ares So MEETS. Papashldrve ays wheghupy wien poster ot Hay pots eater oye ey] Ey Mee ‘er o dp dreee ep rarer es 
Dt tah Sheen tien ino an he trad ates en de a ae Dt eC on, ae, Ste eo 2k oe 
$F Wgse sear Po tT ee ed le eT eee Te ay od ed ee ere et ey 
Seen prapecpea~aindl ghere-Tekty cere eT Oey EN I ee ee ee ee eee oo ee eee Deere ee 
m= Sidr einaliiad Sabameate Ca eer ee ee ter Ly et ee tot oe oe 
cetieeaiett ate Lee bunieta Lt guimtteaeenedh te coke El! shah be? Bei senay! ot ds ea oe 
an PnP ot orn eS mye Bt dA ih ooFele 
“pike Beli orden wernt al a ee eee whe t= 0 EAN ys 5 Pt 3 yi 
Prd heb ter wees soe Set niedeed ec ee oe ee Te ST eer phere 
POTS LIES SDSS 9C yhoo iver eee St Bh beep eee 
Seat d at ee ee oT Ma tel Pel Ps eee Sere a ea A 
EA i Ge Re ars oe Pm ie 9 a ee a a 
meriuiriede dele md ee ee ee 
S indinde i-m-aeuntsrminn ttl tek ae 
OB cad C8 i MP ot wT of” ah gs cad ge Be” 
ge RE ag ak ee et et et ee 
spins Mylene, eaten A -O-t o0) one dota ok ded oh odes da ae 
Kee pen bled Leth ea ee a eee 
eri tanta ae ake meet dr athd cod i wile th a EA Rte ee Re 
Sout—th-ok sider ai-aa oa ee toed tet id eo ee bed etn celal ete ee Oe eee) 
eeu ore iapthetion-airebad dt-thahe- ack pices ede ectiidede chem re ater Ler reel ale 2, 
chee onnhhenene Pe te ee of bak wdelatdta tate 0 od ated al ar aed £ Perey ret tt 
nbalinednctenindaad MD OTe a eatin id: hd est HAPs te dba! KD ate ties rer al Oe ee eee 
Petes pater ere re piel Shag ah arene emer gee Te tad SS] POST ea ty eee Ye 
seine ; er Pd mr a ee ee z$ 
Pe CS Re rit a Nt OE PIER : 
Oe ae Say a : 
Pinedale ot pak el Ft te ek oh eet ee de te TO ye es ar | 
nngl—teemoem ig haat oe Bee Pa i pee esters Age > ARE I Ble emat eee 
ae pe aed breathed hed atatlee tia take Cre pee aa? 2 ae) ee A 
Sedge h-aimeedeediad dt eed othe Sandal eo ee eed eed eee eee o 
Jathantdadeeh ohh oth a ate brs ore ad pete urea. ePtgdiinarets * 
Perea ats aces 
Fall c » Tete AD i 2¢-F) “7 
hee ee ES Te PRE EE ET eee ri 
ot oe ed Dat hae ee atte ttt ee ee 
rir A 


oie te 
so 







of 
[ he Ce 
irre CAT ee re 

LL eee | 
PU ee oe ee ee | 


ral s 
tet ee ca 
) 4 A Salient delet td Lactea? caked od 5d 
sey these patra ee Oe SEY IE A TE EIT AC) 
| sthopnaedeeeheadaedllden eee Lol ed ea et ee an eT eT te Py 
foanetear aad hanya thr ob-che “ting sede ot ad etiolated a 

ee es 

ooalenk Prat ret kaha’ ob 
penne end ee el i 


tA a Re oS 
nd Zz 

















Cl eee ee ee 

Pores rea 

CC ee ee ee ee ee . 
r 





















rae 
ot specdiean Mer 8 
ey 
Cir ar) 


















err Td 
a ae tie 
DP ous las, 
abetn F'Ats & oa 
mle” iad 7 Wet, 
ee 
Alm TE odd 
ee eee 
eed LOE es 
r : loot Cn. ae ae 
Patdtrod¥ ned af OF DEE IA weds tet oft 10. helm trina Pree) 
be Lat Aa Me ate a EP a Tino d ss we bylie do byore st fe bO yw Uae 
Sra tek L ee Poe te Dee ee eee OY i ae ee a 
ee ee Orie Pont ere eer ees © Lee ert 
ee GORE ae ekitidee al Yt ae 
° eee Sort See tt 






« J *« ‘ 
re er ae ee Ce 
I ae wer rs | 
te ee To 5 
eetacan . 





















ad "4 D 
Cy oa ies i a ee 
res & © @ of F i . ey Fo ol 1k Le tae | i) a] ry e-. . 
PL CY AT ee a | r ar | ee OP Pi 
eed Meee iar an ee er a eT eer 
©TEM To 6 a) a" ¢ a) Ce ee . ene 


PAY eet a 
Dba Met eset A #2 eb) 8 oh genie 
Cer i eS Pe ae de) 
ma ee r 

2 Bb dee e . 
ree a rte et 
boleule of 












































































oe ae ee 
ha oh ad Lae ee Oa Ui 
> 












a 
Pa aay 



















Hh) 






Aer 
































er PL 
AY 














Pn. ee 
Se SRO 1 tl 
“& 
















| hhh ed be tee ee Fn a ak eee 
de ie er ad ed ee Retr oberg 

ra cine poked ta Be Pa orde oe ta ti te ee ae ee 2 

jest Bpernb-taisk let es tc, ae a eet ee 





sicientat teh aot ol at ae pte tap li ] 
; rife hesitated ns 
=~ ae ew x a 
die ic pte 
lentnedah he 2. ae eet 
Me cle ek eee ea os 
Serpe a roe Le oe ak eee te ae ee 
ih des Paton et eee 
Cadel RB ta, Pe de ee ed ee Bae ce es Sa 
SPR BP eres FP 24 ELT 









ba cos J AEN = . : ae 
te er eB FSS PPPOE SF teh Se ly ewes C 
De eee SSS ONS EVLA D POEL ie HO FUP LYS: jp hateenk, J 
ie eth dk oe LS ee? Teh alae tak tht ae et ee Eee 
a ee ee ae ete att eee tythed EE AE oo ED ak oe 
ee ae) a te te ates Se he eed kk keh bd t et ee hte at hes Te EA 
Prick Sg eed ok he ee ce Cito te) oe oth de ohh Ee yk kn Fe 
pee —4 merge ke hc a nd See eee Lida bees ook TE 
P ie ah Bc eS al ob LD hk OC  atee ats ek el Le ee eS 
Pa eee et ee a ee eee RA Le ee Ons SPA SED Murata tleiaye 
; A “Fe A REA tal Sa le lt gi a aS EC le 
a le eae ert ee pdt Se ey Reyes re . 
Ct ee ete he Oe bh pel ib a! ten CIP aaa de 
a 54 ae AD ie + Se ay BE A 
nay BE a oe Bk Oe lie ae 
SLIP FS ATONE OTe tO 5 Hb UIE Me Fe Ot. 
Sr th idenle Le hh AE Re b Rl ‘dhe oe aa 
B-NNNEe h0d gg Sete hak et ae eee 
bg hed dod ie mS) Waeein Seek ath ee tie 
tlt aber sp Ok oe ae PEF s* . 95 Tele 58 Pere yee 
Fiat eee ee ae Nii eeh hh ee ee 
= plat ace Det pte tae dhe ee hoe aed te ak te SE a tiahy breed b Wek te at 
2th? chee We chet ty werd Lice ee ee ek ee edd thet ee tak be ee 
a Fat lel ee ah ch he Sateen a thc ots Feet oe tL el ee are 
pi de A a, eS Riles tee bo te et leietiecce tha 
URLs § tates deed bos soe ative en Mad Te eld t at dr hed te tee TS 
; sh Sete weet Reap enter alate Sth Ys ae ferns 
stendh Pencanbe: In 0 tn bbe ah tot in tt Riri ube de el add ta at 
heel eed tel be der et de igh ee ee ot Leas Seer ae oT | 
matics 5 agri len hoo ‘a de eth tae betes tit tit hk 
Mkited ated he Ae oe Ee 






































DAs ote 
ees 











































Set . ; F ie Tht ¢ : Se 
AP vpye . A ‘ cTat eS ? , 7 r 





















ett | +8 ya, 


Reed hak whe eee 










iH tee © of 
J Steve See ge es * = eft 
fF yee = of @ esp ¢ B&F Cd “5 ae 
veep | 7 o 





Tac 
eS 
aint 


i | 
rary tee 






rd 

4 - LT elk 
a oie ee | Pepsot by 
a dey eh at 
7 NOP "OMe y PSytge fo 


































tt 
id fd SS es ie ed | Oe ae a 
Lt Path beth Th | Oeil WL oer he 
dy cd a Se ey Pe 4 
itet fo te tne Th Ly et PP ee 
FERPA og Qrta Sores weeny “ye pyor ae 
A Rotietet seb to td ta ek ee i ae Id lo Le Ss ee | 
om hod ChE ee Rr te hy ah ee eT CL ie to 
REN TE SNe CN LE MIN IE EL Sp tang eh ys tre teiey 
Ea FP Fe rere oy MOG LEE SF Ewa iyi y Ele ac we, Me Le) = 
elenrhets Tut etd det lal det my tele bigieth Lh i ee Rade ictal tS dake 
, es pede? arid AEE acl be tk bs tad tk tA ‘ 
ih Stee nate Lie Seite “ode te bine Atiaae ites sath he 
bbinithdh 5 ete Lo Sa vey 
ede. ly Rekha Se aided de te od 
eens, Sabie Bane WR, el Moe Sade ie lard LOL rey TT eee Te Titi 
Nan 5 Seehasel Dh te tebe 4k the tk ele ed a Oe et ee 
cane tee a Wy SH etah ong ibe 2 Caer Le betathac ta a tit eee 
valmmnir dh os 7 et blastn ten Cite eee tered ‘mie Oe aa 
Sab Weil te-d-_d ee itd oh aie, he aa Le 
emten in tke oi te ee Sib e tte tesa tk oh Sh ME 
evan A Mint Mhetieah Le Seder belted rite to Th et e 
pal ashe: tesla iohinn tenths Ube sh adeditedde lon eddie in a ae 


















Bee | 
Pet tteP eit yTY 
heated, bel bo} 17 BS 
i sh) Ce Le ee 
o Vere* oft & ron 
PyFSFigi@e ve Weert (foe les 
Pwr! wmceyy e gutr 8 eg & 
Chen te Oo es Lo ee oe oe eee ys 
Dees ye nee) avi 
rit te 
















































Eas wad tb eke dae 
29 A weet bes ob at Ae Bs met 





Tes 
















re 
Der essyease 
Pere Gebte eye > OFh hee 

A A eee co ° 

i Po el ae tt et 
hee ee P had Jn « 
Eta LS Ty Se eae 
K ecoterege me A he 
FS hd MT ha) ELTA ee TLC ee Te 
LO lice fe 4 bee be Le tn a Yi ee ee oe ee rs 
See ee or ere Ceotere cuayi Toda aty fF ag 
A a Eat Pie metal Be Ye OT) Pe ays ay oe ee ey fe 
eet eT Ate Se rd | & tiwsclops © 6 By 
qPavonesod z a airs) e 
vier ' 














Ct et 
led et. me 
Le a ea 
re hls 


ome tne 
orm 





arn 










Ny dap-sellntpent sn tnttines thal tap“ ap Ine u her ek, tae 
aap tinseglian etched be ten oe ete iano te hee nt 














Bee 
ih 
A 


a) eee a1 Lie 3a) 
ry by 
a ad 
era 





fa Clee a 
feu eh arte 
YY Ce er ne | 
ht oe ie ae 
Ce ee ee 
Ce ee S 
he) Py ’ 
oh ee 2 
a he rk aa ee 
Ci oe ee er ds 
a ee Le hd Ta ee BY 











oT 






















esas i 
eee ae a 4 
Ce ha} ° 


fs Se later ak tml heed be ed ” aa 
Spagaieabianct oie ee ee ead Die 
thal tb Lilt denen nieces tip ent aetna Oe eae tint) 


Lemuel Oy a Mindi 2 ae ae nod panhe t| Ce 
se 
a) 


putcinnpditadiyrdtelinnn. Wiehe es techy) 
“ipdiliplcey ang: Menai hehe, Bete ita ahded 
leant tae ee ee are 
heneysliny dep 4 








ied 
2 ORL Ce ome ‘a o & E57, 
Lele dod toy et hey Pd 
lel dete LAL ae eT rary 
bese, ewe - ere ee el ee eee ony 
"toe mee iney a Lal ee ee De Td 
hdl Weak th tte) ee ree i le 

UJ 

roe 















ad eT 
COVERT Te ANU pera ups 






Ae 


a B ovee ey 
Or hd ad ' Cn 





Pa Ley 


ira “ 
Oe ee 


i ah Tet 


Ct ee o iu 
, ha he | 
a ee . ee eene 1 O U 
a oe 2 ee +e? 

BO ate oon fe oly C "Ye 
mA an 9 ry Ca Coors 
sfveerhea yy ett ‘@eaeer 

ee oe) ce ray) 
eof fe 6, ih Ll eee ee 
Cr ar eee Nd wf fe 7 . 
tov efvle asd an ewletete 
gv ‘ an ey Th the 2 le ee an ry car U se 5 






ltt, Waren oy as, “hon ts toe eed * bo ee ar oe aS 
iJ )~repade-g xe kb Wales ad eee} hole te UR ih ee rere 
Spot Dated] ahaha th beaded pedal te Be lowe in Mie LLY td od Pate tere Terra 

Sthtthaldh Hhehalathachd th atead ak bh Ld ster) iT ioe Te Tra ered toa a) 
Hcdamechintinestbepeeid, Lula thdianibetilindl FA ke he et Tad ea A Ue ie a ee te 
Tn eaeh de betes koe a 





OC: rigey ee WF [ih wet of Cin 
TAA ie ee ee 

o  ccvbet Prewee Baht vade ¢ aighe wt 
LR at ee eerie ree | eeureey 6 ek wo wrs ree) 
Lads 4 hh Niedhte ia Mabln he ALMED ht TO Oh Bod al Dr TT 
Tad TIES PEt ater a7 Owe pyrave SEs erl te nw whe phan Ser ereoseese @ ae Aierete gigerdetwr eed PUTT ee eae ens Vd 
AAP Ond TEreh ENS) FO RIG: SIOd HPAP aire CO el a he a PIS ete Pas Saree et bal ea A CC! Bie a 
slips atts. Spebendeatshel bigetegh Sept Matin tech eh Ba Tn bt A, De ee te) y ee a he oe De ee tere Pere Se Teevar ame trae] ? 

ecetvatiendiibendest Arnie, atte lan, dicted. oh de te ta Bd hele Ll ee ee ee od hs oe Oh ad er ; eee fe eo ey Ce oe 8 Pivermc 
A-delta Atel es a hee hb OP Merelereswines 4 «a eit ol ty ae eo = a eee eae CENA oe nigel ll ee 
poh sett a lida amy Pelosi mre bh thee A Alle ae beh tee or he es i ae ee LA el e L LZ i 


hahsleuniathe tedde Ldhaath tenant, Bee Lob tT Tt he ee Pad Js ihe eos SL. ict oe ot ele @tm gt FoFeMetg, & ¢ ee oe de ee ¢ ° 
Seah exatentbeL ag Be ler th lap te Ham He § crete ‘ ee) tee ee Ce ey eo Ts ant Ty nT 
hin shebee Silk Mahe ht thane nats th 4 ply TP oore * ty re Ly ae) Pee Saree 
prt shanti edd dtp hidden tl nl at Le ne a s tbeowe 
dp degen-arpdeteradinds dale piiatiy oleh pada pop) bd beheth dio Peed of ik beh cot te Le bakihe LOL Pee ee ee sseeees | ry ries 
byunp-stthetitaesintrillaed Latehatentinded idl tbe TL! beim ebettlealt a hott] teu id hala owen Det Rs eter an ee oe © he oa ames en de Prt 
To Nd oe eal ed Y POM ede gryony ite ee eT aT | pci og: so tial ty) de ea ‘ 
}-t-qanindiy. pdsadene bk dod, hiked bk ths bbb bbletea id tem ol tle ea ti) Rok a 8 TA dad 
bp Goatpinia telat Dt el Lata a) eer tet tail teri ied ke tee 
bh -pecarania, Leheate Vhita ee ee a p | Ich Bind aah alin pled A hl het Ke Ti 
a dhthemen dbo Lk elu. hg Ons EL yp Tle elesears 


grt Pda Ly taped a ate edad wee eet) Me ee ee a 
lip hntndlipayGietarind . U fhe hed Tae eee ee Pe | 
eteuteedediads Meehan Peewee PIVOTS HCO retina hy Uy b9abs ee Het eyes vel eracypuewg 
pasty depctaks witethetn te ba dedbstendhitedNt-tith Mente duh Inde Aca? f bday Aedehtatd Mb 1 att dol lt eed ot ol 
Gicheinnd tush, Loo dorm te tno oh then ke eA “©: Pabeg~es eke h te ote ee Me oe Be SMO Oye oletsrdswie'e pe 
ny i pipliptiran Thanh de bh Deer os bn | Moke Hale Ld ee SAY Ue es ta Cal Lt ee ce 
nwt Aa nd De In dn 1A Det dd Le Art rat Bi £4 Ce Ser try ete be OPe ewe ys 
sO iy Minder M Watt Ln ba Bde ie be Ld ele UL tld Sl od lee ot Pad had Bh ee od Bt te 
Bae pe a hale b DL hei tb eee Lieara lo ei ie 
Aap ® Spal id Po ee eu te say 
i atsiethcith, inden eh bah Be hee Seek La] 0108e/) Reha. corr [ebeseen Ss be 2d a es 
Ailey tat interesante 6 did Nha ed he Ll Pd Ot 2) ee i aed 1 e) 
= dat Le A ee ale tr ne ek Te wreerh i es 
Lon dhe eT eter ak. Gee 
/ ed Dp Le va 
eit 
b-th-nhtn— As Fold dadnal Ades oe a dk . 
rere everer ten Ade dd bel Le ie Lely 































6 
7 
a 
























Che eee 
































17eee 
a hh oY 
Ce a 
an 5 ? 
ee ee ee ee | 

ab bFe 
Ch ie bd a een 
UA a Se es 









iD ha ec hd le 


. eg La 
i 


J ‘ o-e t 
FOed Ll 
A 2 et ae ne 
VreMIIH Ss F BET e or) 
Le ie ae ee ee ee rT 
OR Arh ee ee he wv ee a 
ee wlio » rei ard tr ee bh a ee a qrele 
ade bi OLS T Oh, he ee DL i Le ae ee oad Ya 
a Od "rers ry Ci ih i | 
Pohl CPors ti sg rer yr terns os aT an 
re dtm™ *% ee ee el ee 
LET a r) 
e 










a ie | 
a) al 
bs | 
Pe | | 
Cn i 
e 49 @ 
¥ in 



























eu 





i ’ 
Pe Tree Le) ee 7 
Le RA 2 el eee sete € ~ a | J 
LS 2 oe [ee | 
PEERS im Pon a eT hat ee Loe oie J 6 eel U 
oe Mh iL ik id LT ee el ee | PY 
iret svevig wes a acer OT Sd) Ce Coe Coe er ery ae Be ce CMe 1 
ea ae Lie al ave ee ae ad YS we Otte Ee Oe a) 
eek ee ee a ee ee re he a?eey 8 
CO ae ee Oe a Oe Per dd) rere abe @ ry 
Lidtite eh Th PE he Ria a LA de he ee et gtatifgeyiveg sd yo 
Pi Abe Ot Ae i ee ae de Cr Ta Bae AG Fem ry 
Le es a oe at : 
Cd hire, tan 
COMP rie: ee re 0 teryr 





ur 
Abd Le ee | ‘ 


















A 

D 

boo stg y “ew ae . 

Fy | . AL Oras % 

Hu ate at ae 

ek 
i 












Ci | 



















at aha ae) orney eo 
Coe eee te o 
Say yok 
‘ & ST ees 
190108 © OAPs: 
i Li 5 uw 
| er orf 1 i vit ff 
pb ee ae 
A aa bb ng ee ee ta a 
ott88 : 












Ah ee Oe Se et Me ee PTI P de a 
Tle ble ete oe we ok ter) 
Lal TOME Beth bl td dca Laon Sax bk ta, lal ch a) 
Le DM a eT ered 
Lede ide de Ah ehh aSd of ld sede atts Matis of 
Ae ad bldg dd lett hed thd dds hae th ok Ye Be St 2a | 
bes sdedeh dh sete a. tie dn nt Ch le Det at ~ 
| ntti b ddiehath dll h taciedh «Addai t J 
Ante Se Anda ad) piace eteduieedhfnedd ln hl th al ae 1) Pili. we) rs 
nade tte ot A Ss wre! res mg ies Stade Madde Maeda kd La is 2A a ae Tk © mGaey se 4.¢ Ov creat 2 pi! wu yaoryte 
A Meth laden bthad othe dette thesebethtiy eel ot Git fet 'd 
hath tehdn dhe deh | Soot Ae de es ots Da aie Pohl 2h Lal ber a Gee Ta 
kdhthsehdedl ial mh Lidthttai hl sh edhe Y ih Lake bb kel 













a 








* 


a 
ee, ie | a 

(Yar ite Li wT « 1 
oe Se | ry 
oy 


aan 
Le veer 





LA a eG oe ed ee 
MA Bhai. oll Led Aa A Et a 
Wee he Sete eay Sinrg UH a 
Ladd ee eed ald 2 




































Slee TLL A nied do tAclie del 2 ath Rd ki ha bal Le 
L LJ a) Pad ~@ Poa) Fr PRIS OD 
ple LER Re A at Hi OF oda Hide bo dtd a Dad 
lbh Atehehinck ohhh 1a, th boleh Latidl Raead 2d od Male eh era 
s-tnrthpllrhe tn Alea Dadan Sp Lack Reeve Lhe td Sah Tat Sotad sh hel 4 4h 5d dt areip Pp ae eit CEL SeON add 1 ot feta We ets Te ia) tare 
sae) tetas merrcarececewnrent Atevteyy peter ee inten ete ee er amit ameter Mey ant) dtoicty 
Lea wae Fhe f Cte “WF baie thie U K 
hirtt-amdep ene heok the Mic tl Leet hes ; u bt fate fe lade Hl baie CT ee) +} Up heds : 
nt tle aged eat yt te in oo a af Ree Ls LO Pe Oxia a 
ta ft ] 1 at dt ee 1) a taf ES 
Speceecpreecesertecwreentacer: pet ete ee 


berg yg wie Li dad oe ee a a i 

pate <_leaghating-ae Abe bth latglieg bce th Rat Ea tt ee ee eh fake io Tht et v 
Ried a le lol te pe ieee ae Geet fe Me eae Sue i 

pla te2 3 eee 


band a 
6 ty $19" R, ed chalk Moths pe . 

dd kere ete 74 Ch ee ee ee . 
sche pn RI eh Pato 
J e ore ug " 

he Attra te lade t lich day in Reed gd ed fod beh De 


4 
orale red esd 4 
phi Jy eel pk 4 gE ie rea 
v b i i a 2 
weve tbe reray’ Gs Ree: vie: AL 4s Wey, “0 





% 
ra 
’ 













ei 





















fa 






Bar yeets . 
i RR BL a, tn 
roa oe) ST fd 3) 
Arie y pie ale | A EF A Ag 
©.0 serrer eg Lh ait 4 
eyricee Mp Tha 
Nernst al 
ai >, r 
a Th ba bi ety res) a a he 
AM Lae ek Me a ee ee ts ee I BY ee] ae) 
THY Tr th tk me Tee Tet eer eee 










ia 
ee a ea A 





Ya 





Ch tld 
at dh da ok OL 
| hPL eB 
bed Jd Le ee BL 
wir , 





C 

| 
svi * 
f 












he ae 
og% 
en 
La as 
i] Le da 















Me 1) ¥ 
Leghibesh ism tht wett Me of) 


OOO 


ee LY aL 
Ch ard i Y 





